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THE GEOLOGICAL SL’EVEY OF INDIA 


Parti.] [February. 

Annual Rfpokt of thi: Gfological Survpv oi^ 1 ndi\ and of 
THE (}EOLOOICAL MUSKUM, CaLCUIFA, T Ok THE YEAR 1S93. 

I. Dunnc^ the >eai, conncctpd suneMng^ cairied out in Baluchi'-tan bv 
Mr, Gne^bcich, as'^isied for a shoit tunc ne ir the end of the he’d seison b\ ]Mr 
W. B I'aiwards Mr I il ouche was occupied tor the i\iV seibonat the Bha^^anwaha 
cual-fjoki in the S dt Rm^-e, Punjd). In lla/tri, Mr MiddlLiniss, accompanu 1 
bv Sub Assistant Hira Lai completed the surxc) m that pait of the riinj,b. Mr. 
B )se and Mr. Dxtta were engined in 1<.mssirim on coil r^jtlcr I’on , ' hile Di. 
Noetlini^, more dircclb in coiiniiunicition widi the T.rx iiCiOvt inmenl, was engaged 
on se\erd nquiries in l^ppor Burnn, ])r Nodlmg was aso engi^^t il just tow irds 
11 0 end of iht )i u, in repoiting on the condition ot tl'e Dandot and Warori C'ollierics 
(in the Pun] lb and the Ccnli d Pro\inccs; m \i(w ol a lathci 1 iigc percentaoe ot 
accuknts, 1 deputatmn wliuh w is ol uniiicd ite n(cc-«siif the awaited In^peitor ol 
Mines not liavinjf at the time aiii\ed in Indi i Mr. P IJ ^inith and ^ub Assistant 
Kishcn Singh weie it woik in the Row i "late wh ** survcMiig was done in co’ nec- 
tioii with the mincial exji’oit ition lelt b\ Mi lUighc . In. hands of the vSiate M ninn 
Assistant, l\Ir Sewell. In the Madia- Picsuh m x, ii* li peiroloc\ and miner'll siir\i v 
were c lined out i)\ I\lr. Holluid at suih/inm^ he i ndd be the 

I aboi itor) ind Musciiin at C ileiitli, ind his Irolcssoml work at the PieMeU nci 
('ollcge Mr, O ilh rn K in lined at he id-ijuailer-' lor the . lealer p iil ot lie leir, 
engaged on thi inclination ot the n^w e'dui(>n ol tlu Miiiiulot iIil Gcoiog) ol Tniiii 
which was published 111 August He was, howc\ei, J le to pa\ i -^hort ms t to Luiin i 
in March when he cnqinp'd into and rciiorlcd on the jtrosptcls ot an irtcsian watci- 
suppl> for R.ingoon, and also inspceted the ('ll legion of ^'enan^\onng ind that 
neighbourhood regaiding an apparent tendeiici to a i ccrea'^e in die wch supp le 
winch was happily not eoiifirmed. I iniself was on tO‘o in Tsl ueli and Apnl 
Sukkur and Karachi in connection w a the propobcd expcipncnt il 0 .’ born g it ihi- 
former place, and at the Salt Ringe eoal-ticdds in \pr 1 md M u, 1 Lad in oppoi 
tunit) ol conferring with the iMnancial Coinflussioner at Ringoon on the ,,oul ci Limn 
in inc Kalhd distiict and inspected the cod v-\i loilalion ( n ih^ I cna-'bii ni ri\ei 
and after return to Calculli proceeded to \\ 11 onpC’ollicn in iln Ccnlial Prinmces 
to advise the Minagor on some deep b()rin,>,s whic^ wcie bt.ing c an d cui m a luw 
part of the field. In Scptembci and October, I iinic 1 [uru m Mikis, xnnimnp^ 
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certain areas of hvperstlionic inneons roiks, lately broui^Lt to noliee by Mr. Hollarid ; 
and aiTin^cd with the Ciovernment lor a more connerlcd mineral survey of the 
Salem disliict: and at the end of tlai rear a fiirtluT \jsit was made to Burma to 
examine tlie condidoii.s of the Kaiha gold occui fences, and the capahditic*; of the 
TinJada^^ coal-field. 

2. d'he oj)cr:uion^ of liin Smvey have thus been' mainly conhned to extra- 
I^cninsular Indi.i ; tliai is, in tlie ]\inj.dj, the Korlli WV'st Fromicr, and iUirni i ; while 
a small, though at the same tmie \Lrv iuu)L)riaiil, advance Ins b-ecn made in 
Peninsular geolug) . 


KXTRA-PKNINSt-l.AR (dl.OLOCV. 

3. BAf.urHTST.vN.-- anil Ct dacions. -A large tiact of country in the 

llainai vallev has been added on to that already survevcJ and reported on by 
Mr. R. D. Oiuhani in in his Gc'>logy of I'hal Chofmli and pirt <f the JMari 

country ; and Mr. (dnesbach Ins given a poilion of the icsulls of this later wurk ni 
Ins paper on the (rcolof^v of the country hciivctn th ('hiifpar Rift and 11 a) nai. 
V/e have lhu^ a completely mapped ano reported record 01 the area extending frem 
the neighboii! ho(>d of Sibi to I \1 ingi, idoiig the hue of the Sind-Pisfun Uailw.iv ffn 
survey, however, Ci)vercd a !ar larger arei than lliis, as it extended f'li to and 
around Quetta, dealing especial!) with the (.(/rnp’etei c xamin ition ('-f the* coai oui- 
coaps in the latter region ; and over the Koj dt-/lioh ime of country, where he ctme 
across a \ciy interesting zone ot volcanic in^irusions among the lovvci» coccni* 
rocks. 

4 l\Ir. Giioshach vvas the tirst member of the Snivov who cntcied on the 
Bolan-(dueita ground so far back as id’HO. though then niily by traverse vvoik 
alongside of the miiitaiy uecup.tlion of the (.nmirv, so that h>s intui prcTaium*', 
vvhicli sometimes ex'ended on either >ide wvll beyon*! liis line ol march, wuie 
necessarily sketchy and fo tar open if) a cert on amount of cr.ticisrn by liis ilien 
senior officer, Mr, W. 'P. fhanford, who, armed already with lies wide exp-nem e 
of the Sind ( ret.ai.*jO'icrt;aries, follovveii pielly mucli on the same track to (^)ueua 
and out again by the llarnai route iii f-'Jdi-Sz. BlanlorrPs marcli was al.so 
a trtverse, and ho was liii-\s>ed by ilbioss over llic latter part of his journey. 
The subsegnently settled ami railway-openod-up comlition of the country evcntiully 
p. rnnticd of a more detailed Nurvey being made, though this was mteiiupteJ at 
limes by excursion^ after coal and oil ; and Mr. Oldham was deputed for the woik 
tlie results of which he gave in the icjiort referred to above, the jirincipa) 
one being that there i.s an ab.sence of dcfmiti^ break between tlic eocene ami crela- 
ccous formations; that there i.s in tact, consider, ible imlicatioii of a series of 
passage beds. With ihc evidence of his two colleagues before him, the later 
(Toserver is tlicreforc foi lunate in having the opportunity of settling the geology of this 
intcre^itmg region — interesting not only in its .striictur.il relations, but as being a 
connev.ting area between the Kurope-Per.sia tract and the Indian extension of the 
am ient Mediterranean area of cretacco-lerti.ary life and deposition. 'I’hc uue.siion 
of the relations between our Indian tcniaiics and the cretaceous focmalion is 
indeed of the greatest interest to fcologic.d .science, becau.se, wlicreas in Kugland 
and We.stern Europe the distinc#ion between the two is absolute stratigiaphicallv 
4 and palieontologically, the evidences in Eastern Europe and tlicncc eastward are 
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nmrh less pronounced m tbit (onnecl)on In Pcninsnlir Indji, )t h is long bf en 
known that llic (]insi eroiiccnn iacie^ of rcitiin tos'^ihle^ous be Is issocnte 1 \Mth 
tbeDitf in Jup S nes ns well is otlin ( hnrictc nslu s point \crv decided y to a 
p nod of pi SI b ( in 1 voIl line ietivit\ in I onr liter pingit‘«s in the Punjab 
in 1 in P i1iu Inst 111 ippcars to br inoie in I mrre eoninm ilorv of (hi^. 

So 1 ir, bo \( \er Mr Di e ]> u h is not iPc on the stiali^i ipbieal 'll! 1 foss 1 
evuVnee obti m d b\ bun, to folio v Mr O Ibini, in Ins exposition of a pissige 
sen cbiri(Un cd ])\ in anoin ilous Mum in tlu H ir m \il prefeinng to 
coiisKbi itat I\li Ollluius Dunlin beds irercilh ol low r coeene ige , an 
ixiniimtion ol tbe to sils (Cfioc t is Bicilifts an I 4mm nili;s \ itli m abun lanee 
ot \ immuht \) bv D IN etlin »■ n rocks \iclding th m to b of t ue 

er Lieeoiis latbci lo r tlun ujipei i e \\ th OtJ (oliles ^ no nnininubie being 
TdO n/il)leint'K coIIl lion sc it do vn to ( i eiitta I lie ijiie^tioii, th reform still 
remiins n opsii oi tor Mi. (rr sin b to \ ork o if dump his further piognss on 
lb Inlmbsiin ‘'iirve\ i tbo igli the I tUn< e of (vihnc*' outsi !«. o thi*, fossil 

t ^ s li ] hi d ’■"'n 1 ill \ over th 1 1 irn i I na C hoii di tri( t an I m tl c \\ i st< rn 

Jbiiiliblidls IS li coni kill \ in Uvo Ot i p iss i e ^e^les liiicfd, (n\ ht i in 

[)(. mbit i note li s c me la Iroin Dr N(j tlin »■ \/ho has bcc n en^ cion a 

in lung 11 spec’ion ot the Diiidct colhen ii llic Si t Kingi wlirrcin he ni nt ons 
ti it ( L Minini llic e il sink 1 iS n unceiiving the nJinmuilK bines oju, 
lie In 1 f )un 1 tile f i '^iK hum i dr*, lei tcitiii fines, but thit ih rc w re 
i non llu in olui'. with ui up]) i Seinniin (Wbie ( ha k; ispcct , so that tmr< 
i unis t f II hci d in in the ( ud iu( lot a \ i^si s nes \ pre um 1 corro a 
t on ot ih dark sn d s ot the Ivoj ik i in^^ vsdh Uie Simla s iics ittrii it< 1 to 
( irboii 1 ms i b Mi ndlnrnjbisb nc ri cl 1 s > t ir 1 \ (in acli s finding 
vwhindi n i tru n uninuii ic 1) I thii'^ 1 1 1 ng t onjj»'mpor\ c\i h nee to his orpinil 
ev\ fl lb leiliiu a e oi tne Ko ik series 

d P Nj ^1 i \N( I 111 niLiin of Mr f i fcTiiel e duties in C( not ction 

vMtIi the lonip expot uon in the 1 lii^ inw i 1 1 eu il li M [leventeJ lll^ ^ i mg 
mm h time iil a entn n t do \ ])l in t c ilk Iiu vieinitv lu v\ork , 

h wi^theufou niiah c to ill much to the dise i ms ot the iiunieious intc rc sl- 
m ])iol)lein vshi h h i\ ir ui su ee tl e um ol Mr W Mine s sj cn i I work in 
ill it lu a * 

7 Pi t The sti n 0(1 nir ue (I ihoccni] irali eU ‘^oIl s ^e of the 
Silt m rl lonp n iili\ u i kn ifh i i\ ih k in 1 mi series oi ol lei 
piho uie a in I i im m jipxi nt n i ii p isition undei \Ci never foiinitions 
Ins wiinm the li^t te V M Li ir nisi 1 un I Ali. M 1 1 c niss \ii m\ own study, 
mnrli discnssni) not on ) as to its po ti ii but is to Us oiigin 1 ins senes is, 
however onl> \s.iv sh^iilo e\j os 1 in the cr t Phi^anwilh and it^ rcniions 
with the ovcilviug pill] e sinlstone ire onh cU ulv ^cen it one ]io nt on the 
mht b ink of the tu ini imm cha ihove ih viUpc hlr I a I ouehe cb^erved 
dm the appearance of injection int3 the ovcrlnip sandstones is certain \ noliee 
ihle, but It does not seem inipossib e thitjlus i]>]eiru ce mi\ line bM.n caused 
b) i sc]uec/ing out of the soil mul ikmg the line ot i iol I 

8 Cambrian — llu Sdun in shales ot Wvniu wliuh hovever uHimately 
rieldcd remains ot tidobihs at Kluisak thus deteimining tl eir Ciiiibiiin ire 

xposed on th( right bank of the moic westei’\«ot the two streams which issue 
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from the ran^^c at Bhit^ m\v ill i and l\Ir LiTom he was foiUinate enonjh to 
d]<:co^er specimens of tnhd lus in an idcnticaM} «'iinihr pobilion to ihxl in which 
they occur at Kluisik, 7/c, in \ bind ot dark shxlo, a bw ioct 1 c'ow the bisc 
of the IM^nesi in Sandstone llu spt ciiiir ns wcic in the b uhl sute of picserva.- 
tion as at Ishusik, onU tu uU I einc, found, and no addilioin.1 species were 
discovered '1 he) occuircd hero in onh this sin^li zOne, the lower “^Mllcrie^ 
of Khiisik beiUfi a\)ptrcMii's unr'"]»r seated 

9 Ptt nio-CiU I ONt/c} us — I he ‘ Bonlih r Bed ' so eonspiciioiis in l)ic iniddlt 
portion ot the southcin e'^c irpint nt of the Sdt Rini^c, not wcd-iK \i loped n ri 
Bhaj:'inwalla , occiiinij^, onl\ ui lent < ul ir jnti h« s iknci more tliinaf w fu t 

in ihickn<.ss, betweLii th*' while saij<Btoncs at the ot th co 1 b iiinc^ uj* 

(tcrti iry ' and tl c Salt B'^cudomorph /om of lmsscif>c No uik onlorinitv could 
be detected between it < nd the b* iN al om ind beU^w in h c 1 it ipi t rs lo pass up 
into the white samNtoucs, the Inse of which sometimes (.oi l ms ‘^irin s xiid thin 
be Is of p bbl s an 1 sm ill boulders, ^imd ir to those in the boid Ici In d piOj ci 

Cfthic uis i (tju In di tnlm^ tin evisttiueut fisili(-nin llu con 
ich is eor leied so f u to be 1 1 t xi i ^ i_« Mr Til out In ic e il s »lic i ict 
liul in Assam, wlierc (( i 1 scan ^ occur in I t K t f bolh ti ticei us ind mimn.alilu 
a-,e, an exaeti) siriii ai Xi ^s 1 i« m is f )un 1, bul oid\ in ih loilo^ei let ns i 
whieh it ^ertt^lo t’’st lu ui ii tiom the iie mun i u lu a il It, i set n^ lil b 
th s les n jOs sulisl inc« points to smi i ptcii!url\ n licseMu )n Ik m wl u h llu 
coal w T.S forrot. 1, its oci uin iicc 111 1 e Is < t li Ik nt i t s in tl < U' o lU w( 11 

i»tem to indie Lie Miht i tnit tin c il pro iue n \e e»ilion ul erf tut oils i t in 

Assxm p^rsi^tcd to luimmublic times mih Pnni b whil< il w i>> nphci 1 1)\ i 
didcrcnt ve^etatu n in the toinicr prtMiue, or th il tie n nniiumtie cuJ ol tlx 
Punjab IS rt dl\ ho i ota\nl ^”th tlu en t u ecus end ol i si j posu on 

winch its f ^ sition, at the I use of the nummublie lmC’>nne in I 1 1 of o\m 
it ts the numn uhtii < o d ol As^iln dots , ind the ■ib>eni e (i kk bo k i i dep I'^i 

lion lictwcen the bed^ of tlm two i tsmlctn iriis, kiuI is mil iin ik' ]\ 

II. —Re^^ d dine the c|ue lions cl ilit u ' dions ol the Niim 

m; hues to the Nih ins, no suns w<rt obstned o( uiutnoiniti J he I msi 
tion IS aU ns i »n[t ind { i Ijb^e 1 Cils uc ot irt(|Ucia ot c uiiliu t lud n ir (1 e 

b ise c t liK sTiulstoiK s bitdieiolutl pebbles ue dwi\sol i r\ id n locl s, vn 1 

do not me u le 111) tro n do un krbint^ him ^toi e, NoduK oldiUU r iieofocfi 
siond oeirirciif e m the lowermost lic b of the Nalnns, • ul ‘^o hr as u i s en, llu \ 
are not rolled, anvl do not form m)thmp hkt \ p Ibi bi 1 1 hcii ocmireiuc, 

however, imbcvhlid m the sanibtone^ s}jows ih n he'orc' he h pti'-jiion ol the 
latt 1, the limestone Inti assumed in pucs nl hi^hh lunlu ii stiiuiiir< intl tlierifoic 
word I pp ir to indu jIl the j ipK of a cousiclcuh’e pciiod of liiuc hclwoLii the 
lit 111^ clown of the iwu form turns 

12 II\/\i v- — The eolcl w( ithci of if^o'^brou lit to ados Air Alnldu missMhu c 
s ‘'ons woik in lli/ua During tint Imu the chief ohjoLts ol the ic tirvcy 
weu to 111 m tlie ^ m the mips hft*ui hni^hed h\ Air Wvnne, tl itt tl 1S77 79, 
and to link to ’■edu r tlx sciiUicd inform ition cm the subject to be fouml in the 
Re».oids Hid Mf moil s of llu Gcohi u d ‘^urvei li) siijijilv anonymised account 
of the whoe (list’ et. T hcsi objects lav m the mini bd n attuned, ind as on 
neai’v all ini^>oitint point lie woik hii»noni/cs with that of Dr Waa^^en and 
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Mr W)nne, their cl issiliciiion of the liisioiical rocks has been adopted. The 
following is a list of the Geological formations represented in Hazara, in descend- 
ing order — 

(i) Alluvmin ind Rr cent jjravels 

ip) MurrtL-bed ^firccnt 

ta) Kuld^nibids ( p iss'ig'‘ beds) 

(4) Nurnmulitic, F ^cenc 

( 5) Ahddli Criiacfous 
( 0 ) 

(7) Tiia'iMC 
(S) Ijiff i Fitus 
(9) Slate Sciles 

n In the northern pirts ot Ila/aia ccrlin rocks are in\ade(l by Icnticulix 
beds of ^nel^‘^osc grinitc, the rc^idthnni^ i 1 onip^<^\ r{ crvst iVine \nd mctarnorphic 
rt ( 1 s \\hich ocenp) 1 ucav mung the '^erbiUd mfiintiins inJ g'ens of 
Aeior Kln^m and tin Bhck Mount iiii Ono <f tie )>o uls O) ^^hch IMr 
Middleini^s’ itt nlion \\ iS chicd\ directs ri wis to settle il j os^il h how man) cf the 
foiinations cnuinorxtcd aboxc Ind \ Clv ihcttcd 1) mc’^inu rj li sm diinn^ this 
irrrptivc period I he resuUs show di it the Inin Tnxs ml tlic Side ^cncs hive 
bet n so irtt tied to the c ^cluslon ol the n t The \ 11 oils st i n s of nn tan 1 1\ hism 
ind the coinijiicated mode of intiiis on of the gnnssnse nit( ol cr miiu ])oint«J 
of iLil intcicst wli eh will l( mllv (k'^enbe 1 in th i ntl c( niu’^ lucn oir on 
1 1 17 in. I h( identit) o^ehirKUi of these irelswiili tlio^c of i -'i Lit pi i of the 
rinse is impoilin^ as imt’Min i un ti of e ind stiiiciuiL 

14 As r ^irds the disMibut on ol the forniitinis over du siitiro of the 

eounti), then is a lutiirti SLhtnie into which thei fiU, "2 a set ol zmils or 
eloneated stnke areas ck li ol \^hKlll'^ ehiMcleriscd*D\ the pr \ikn i il the 
siirl ire of a pirtieiilir lonnilion Time ir mini otlui jiecuiuru Cb d lining 
these /ones wliuli will be si\(.n in di 1 lu ni d ineino r, ])iit one pirtun iiU 
sti kiu^ fi iliirc IS ih it c tch oi ihe^'O /ones is ilnid from its neighboui /one 1} a 
Ion »* fold I tiilt ( \tc nd ^Li (I ilh the uhok brea itn ot Hizaii 1 he lolh wing is 
a list of tin /ones from N W to k 1 — 

I — Younger Ttrtiiiy/ont 
IT Num iiulit7t / 1)1 

III SUtc /jiu 

IV — Cry'st'illinp in 1 Metn i rpTi r 

As to whil tht‘'e foi mat on /oiks whieh lU ilso dist jib nue /ont. s m an'> , ii is 
believed that th( \ hive iiiiporlinl beinngs on tho histoi} ind dmelopinent of the 
great mountain 11 ,es portions of which 1 e Aim n the 1 oundiiies ol lia/ ir 1 

15 The district has not >KMed mv tim eoUcttions ot fossils compinhk 4') 
those of the Salt Ringe or the Cen il Ilimdaia, I ul from the i icticeous bind x 
good number of forms h IV L been gitiicii I which without much iliHicultv cm he 
mxRhcd b) those fioni the creticcoiis of Softthein Iiubi it about the horizon of the 
Ulilur group The geological mippinj of the in i h is bi cn tl jik on the sliei ’s 
of the Revenue Survev (i inch=:i inik) ind i nn^> is bung pupirtd for piibhcti^ 
lion on half the above sexk, Honzonlil sections w h iccorn[nn\ the imp anci 
panoramic views of the country, drivvn with tTio c imcri Iiuidi, lad colored 
geologically, will be addul, so as to present the rov k ^mcturc an I iin^ic 
teaturcs of the counU) tojciher at a glance. 
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16. Lower Burma. — PaJcpozoic Tertiary, — While engaged at the exploitation 

for coal on the Great Tenassarim river, Messrs. Bose and Datia had necessarily to 
devote a considerable part of their time to working out the geology of that part of 
Tenassarim ; and mainly because the mineral itself appealed to be of different quality 
in separate places, while it is at tlie same lime associated with two different scries 
of rocks. As a matter of fact, the coal is of two ages, the older but poorer coal 
being of carboniferous age, while the latter of the t^vo is of tertiary age. Tn this 
enquiry, we have now obtained a fairly connecletl knowledge of the geology of 
Tenassarim from Victoria Point, the southern limit of the country, up to the 
parallel of Mergui. 

17. Dr. Oklham's original conclusion as to the caibonifcrous age has been 
further established through Mr. Bose’s find of a seiics of true carboniferous fossils 
in one of the strangely picturesque and cavernous isolated lidges of limestone so 
frequently mei with in Moulrnein, Tavoy, and Mergui; tliough until now, never in 
such close association with the strata carrying the poorer coal referred to above. 
He was also able to determine the much later (tertiary) age of the scries 
(Tendaw) containing the proper workable coal: this paiticular tlevclojmiciu f‘t 
which forms a shallow synclinal basin lying along the bottom of the main ro er 
valley, which has been excavalctl in one of the great anticlinal folds into which 
fhe palxozoic series of Tenassarim has been throun, and winch cxten^ls — marked 
by bands of cavernous limestome — with a fairly north and south strike ihiouph the 
districts of Tavov and Amherst and thence northwards into Upper Burma. 

iS. Upper Burma. — Patceozoic and Tertiary . — The same carboniferous scries 
was met with by Dr. Noetling far to the north in iMogaung and Bhamaw, whence he 
has been able to connect it past Mandalay, Yainoihin, Toungoo, and Shwcg)in, 
with the cavernous limestones of j\Toulniein, whicli country he was able to visit eiily 
in the season. Mo also examined the Moulinein caves for remains of bone-hearing 
gravels, traces of which lie had already found in the Irrawaddi valley, but so far 
without success. His work during the season was however principally in cnnncclum 
with the oil and mineral developments of the country, pnrlicularly around Wunthoin 
the Katha district, which he examined ?br gold, lead and coal. 'I'his is a large area 
of about 2,000 square miles in extent and mainly coveied with jungle, so nothing but 
traverse observations could be made and the general position and lie of tlie locks 
ascertained. The formations met wdth were palneozoic limestones (aheady men- 
tioned as extending northwards in this district) on the extreme east of the present 
area; lower and upper mesozoics, and the alluvium in a wide bay on which lies 
the town of Wuntho, and in the Mu river valley. The latter valley is bordered on its 
eastern side by north-north-east — south-south-west striking belts of two miocene 
groups, in the lower of which good coal seams are found in blue shales. They 
resemble so closely the coal measures in the Chindwin district that there can be 
little doubt as to their being of the s^amc geological period. Several small out- 
liers of the same series, though without indications of coal, arc scattered over the 
Wuntho alluvial plain, and a wider and fuller development conslilutcs the low hill 
tract to the eastward. The micftle region— that is, the lofty hilly tract of Mankaw 
{3,911 ft.) — is made up of a wick* expanse of schists and Irappoid rocks in which are 
frequent traces of poorly auriferous occurrences in the diorites themselves, and in 
some of the quartz veins distributed through this series, the age of which has not 
yet been ascertained with any degree of certainty. 
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Pfmnsular Gioloc.\, 

19. Mxdrvs — Cry sfalbnt scries — As the cvn last \ ear, imesligation of 

the crystallin« scries lus onl) been earned out is op{>ortunit} offered when Mr 
Holland could \ e fieed from Jus propci duties In trns tvi} he was able to [lav visits 
during the months of Mi\* ind June, ind igain m jiirl of September ind (Ktober, 
during the first of which he w is at hst al Ic to ctir) 1 s cxiieiicnce^ of Silein 
into the Coimb itorc ml Nil^iri distrusts 1 he Kilgirit hid bei n sur\fvd so iai 
bich as iSc:7 at whieh lime th s^u of thr^ mciarnorphic er\sfilinc locks 
was sidl, owing to tin r presenting i certiin hinmUed ind c\en, in cases, 
a dcejd(‘dl} bediled structure, bns-,( d with a teuicnc) to consider them a highlv 
iheicd form Oj sc dimentiry deposits , whih inec-tigition ts to tluir coinpO'sil on tnd 
the i-igreg ition or mod of oicurrince of their m neral eonslituents w is as \ct onI\ 
open to but an initial stage of the spUndid muroseo})! al uscarch whieh htsi since 
di \ duped into the spe cnh/cd sc cnce ( i petrolog) Ihus thou somi wh t ua n^t 
Iht vu ws of the then Director dll Oldhami ot tn ^urve\ these inouiK nils and atcr 
on, the She aro^s and othei hill m isst s in *lio SiViu d is net, w re fin ills fons ileied 
to be rn ide up of \crv hi^hlv I’tcred mtssne gneisses ol origin u t>edimeniar) accu- 
' on 

21 ^hpl)\ st<. p In wever new p nuts of t\i(l(m.ela\e been brought together 
confirming Mr llollind’s origiiu^ couelusion icfeirel to in in) lastannud report 
tint whjtc\ei miv hi e been thu oiigni ol ih mUenilj now forming the princip'^^ 
put oi ilu gu it r niouTiUin iuass^s o luthern inch their mineril composil on 
ind mieroscoiHC structures wh di i c so stiil in^h ilie same in wicU \ separated and 
ippircntU isoliled loc thtie-. e in onlv be tlie ic*>uH of having been iormed under 
conditions idenlK il with tiio e ordinirii\ regirdf cl as belonging to igneous rocks 
Koeks, mdibtinguishible in band specimens, occur at* St Ihomis Mount, in tb 
mils neu Tall i\ iram nilw \> st tion, aMuiini on the She v iio\ hi K the Nilgiris 
the Pulnis, the Anaim tins in ^ h Western Gh .. whieh, in ei(h distr et, eontiilu]*e 
a complete p\ ro\c me senes ringm^ hum icid ^ iilesto\er\ b‘‘sie p\ r »\enite^ 

21 Ilu oceurrenec ol these rods in In In wi 1 douMK ^s \ield siig^ btive evi- 
denec tow ircls tin solution of ^omc of th* 1 r^c (jiu ‘‘tioi s w liu h h i\ e ot reecni )eirj 
occupied the lUention ct woikers 111 the so cxlLd ml e in gneisses md schists with 
whieh 111 other pai's of th world similirrocl s liivt, n cidouud i wa\s ssoeiited , 
i,s in the cises ol the li ap t-,rinuiit ^ of \\ald\Krlel in ^\\on\, 111 the Hebridean 
gneibsic s)slem ol Sutherl mdshire and Vbeiclcen in SeoiHnd the noiilCs ot 
the “Cortlandt Scric and the gabbr:is of lUlliinoie 111 Ameriei. With re- 
gaid to the L-ortlandt Sei ts of tiie htt'^r ountr\ the microscopie chiracteis 
of which were described b) Professor G ll Willums m a series of well know t 
j)a[ers published in iSSb-b; , almost ever> tyjc des< 1 bed b\ thit \uthor hisjbeeii 
matched in our recent sunc) b\ pecimeus tioiii the Muiras PresiJenc\ m addi- 
tion to which I m\) ilso announce the disco\cr\ of a di'-linclh Tciip\io\ene 
bearing rock, which seems to be a t^pc. ol igneous rock h th rto ludosciibe], 
the p\ro\cne being gentr llv of the ihombit t\pe, md ippioiclun^ p oto hcpcr- 
sthene in composition liom this fict and^KCiuse the rock, both in innd spec - 
mens and m field chirutcis, presents m imn^isiikible indi\i(liuG) , Mi Hoi’aiui 
iecls justified in describing il under the n w name C/iirtifc' U, one ol the tu-t spe- 
cimens of the rock (which is hrgely used for siiuclural and orn unental purposes) 
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brought to Calcuitri anti tlic hist examined under the microscope, being a splinter 
from the tombstone of Job Charnock (1^93). 

i»3. To complete the parallel with the American rocks : spinelloid hercynitCy a 
constant associate of corundum, has been found among the other rather rare minerals 
in the Madras pMOxene series; and it is thus possible that the obscurity in which 
the origin of corundum still lies may be dissipated by the Jcsearches now being pur- 
sued in the field and laboratory. 

23. That the petrological variety for which the Norwegian and Ural rocks have 
long been famed may be jiarailelcd in India, as pointed out by Mr. Holland last year 
when announcing his discovery in India of the rare mineral ritbtckile, appears to 
be well sustained by the evidence afforded by these rocks ; yet we have even 
a. later deteimination of what was supposed (by the sender) to be a piece of iron ore 
found in Bengal, as the tare mineral columlnle, one of the characteristic niobatesand 
tantalates of Scandinavia and the Urals. In this connection, too, is the very interest- 
ing discovery by an independent ob^eiver (Dr. J. VV. Evans, Slate (geologist of 
Jonagadh in Kattiwar) of the remarkable rock, elijeolite-sycriite, known more 
especially from its occurrence in South Norway; where, as in India, it is associated 
also with angite-syenite. 


ECONOMIC SURVEY. 


24. Coal investigation has gone on in Baluchistan, the Salt Range in the Pun- 
jab, and in Tenassarim : while coal, oil, gold, and lead ores have been explored in 
Upper Burma. Load enquiry has been carried out to some extent in Rewa; and the 
extended occurrence of coiundum and the iron ores has received a certain amount 
of attention in the Madras Presidency. 

25. The coal enquiry in ILluchislan had reference to the coal outer of)s near 

Quetta Coal Quottk, Or more strictly speaking in the high valleys of Lcs 

and As T’angi to the eastward of that town, which have been 
undei' desultory working by native contractors, but wdiich it was hoped might 
on closer survey be found w^orth working in a more systematic way. The detailed 
survey was undrt-iakcn by Mr. Assistant Superintendent Edwards under the orders 
of Mr. Gricsbach, but the survey was iu>t •tomplcted owing to the illness of the 
foimer olficer which culminated in a severe attack of tyjihoid fever. The survey was 
again resumed by Mr. F. II. Smith in October last. In the meantime, Mr. Grics- 
bach compacted the survey on (he Khd&t side of the country when he was able to 
offer a much more sanguine opinion as to the future of the 
coal in that direction, and he has given details of the various 
sections expo.scd in the Ilarnai v.dley in his report of the country between the 
Chuppar Rift and Harnai which was published in the last part of the Records of 
the b^irvcy, and from which 1 take his concluding remarks : — 


Harnai Coal. 


“ It only remains to add a few words on the economic value of the area. This, of course, 
consists in the large amount of coal which is avaikable in the more or less constant horizon of 
the middle nummulitic subdivision. Most of the outcrops have either bcen'worked or are 
sufTicienlly tested to prove the usefulness of the coal as regards quality and the limited thick- 
ness of the seams, and it is certain thft even after the complete exhausliod of the Khdst 
collieries there will be a very large amoun^ of coal I'^ft in other sections of the field. 1 will not 
«nter here into the composition of the Coal ; this has been done already by other observers. 
Mr. Jones has also attempted to compute the quantity of coal available, but he has certainly 
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much under-estimated the latter. The fact is, no estimate, even approximately correct, cau 
possibly be arrived at, which would be of the least practical use. The whole basin of the 
‘trou^^di/ including the entire hill-range which hounds it along the southern rim, with 
probably a large area south of it, is part of the field and contains scams of coal. If only 
the Khdst seams .ire taken as pximples and the amount of coal calculated on the thick- 
ness of these seams and the arra of the basin, no douDt a fairly accurate idea of the 
amount of coal pie>>ent in these stiata WDuld result ; but that is not the amount actually 
available 1 he greater portion of the basin is broken up by faults, folds, and some of it 
has been carried away by denudation, so that only a small proportion of the total coal is 
available for mining purposes, and of tlie'je portions the exact limits are not known. In 
the above p.Tper I have given a description of the distribution of the seam-*, and also indi- 
cated in outlines which I consider the most promising localities for opening works, after 
Khdst is exhausted or nearing that stage. 

“Amongst the best of these localities is the cliff, 3i miles south-enst of ShiShrdg Station^ 
With the aita immediately adjoining it. Tins will undoubtedly offer as good chances as 
did the Khdst workings, and the locality is near enough to the line of railway to be worked 
cheaply. Next to ShAhr.lg in importance, I consider the cliff between Pungi Ghdt and 
Ilarriai, there the seams are good, but the outcrops are too low down the hill-side to 
allow the same pioccss of mining to be adooted as at Kbdst and Shahrig. The workings 
would be soon below the level of the ground-water, and therefore pum[)ing would have 
to be resorted to, which would mcrejise the cost of the output considerably. 

“Still more dillicult to work, on account of the underground water, would be mines 
tstablished on the Pnnga Gh<lt, or north of the river near All Khan, were it decided to bore 
in these localities for coal, which most probibly would be met with not far below' the pre- 
sent .surf.ice.” 


Salt Range Coil. 


26. The coal cnijuiry at Bhag^nwalla in the Salt Range was instituted on 
account of a proposal by the North-West'^rn Railway ad- 
ni'nistiation towoikthc Bhaqanwalla area, the supply from 

the Damlot colliery to the wtstward being inacWqnate to meet the demand. 
Mr. LiKkslcdt.ll.c Kxecutno Knemecr in charge of ihc^coal opeiations, ha\ing made 
a report on what lie coil'll dered to be the piobablc available amount of coal 
untlcr the Aia plateau and in the eastward end of the S.ilt Range, which certainly 
appealed to me to be Over-exaggeiaied ; it was ' ided to test this by borings and 
detailed survey, for which duty Mr. I.aTouchc w iS deputed from the Sur\ey. A 
detailed plane-table survey on a scale of 6 inches to the mile was made b} Mr. Ed- 
w’ards ; and, although the laige area of tftc Ara plateau must be left out of consider- 
ation, as all the evidence gocb to show that no continuous scam of coal can be expect- 
ed to he under it, it was found that at the castein end of the range, where the coal 
suddenly becomes high-dipping, there is probably an available output of over a 
million tons, provided working can be carried on 10 a siiflkumt depth along the dip. 
Mr. LaTouche's report is given in full in the current part of the Records. 

27. In Tonassarim, it was decideil to vu i the Tcndaw-Kamap} mg coal-fields, 

rr • . Pfi the Great Tenassanm rivv.r, by a series of borings and 

Tenassenm Coal. , . , , Jr 

pits, win were earned out by Mr. Bose assisted by i\Ir, 

Datta. The old interest in this field was revived by Mr. Hughes during his ex- 
ploitation of the Tenassarim tin a^eas, a preliminary report having been 
published b} liirn in the Records for 1892. Mi. Bose’s report confirms the estimate 
of Mr. Hughes as regards the presumable cpiai^ity of available coal under not difficult 
working, about a million tons ; and this is what may be called a safe estimate. 
Extended and somewhat more troublesome miiflng would probably disclose a larger 
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amount ot coal. l\Ti, Hughes relied on this Iiiithei exploration as likely lo show 
some extension of the coal-held consulerabl} further southwards down this long reach 
of the renassaiim iiver, but th’s his not been prosed , indeed, the esidence obtained 
is decldedls agiinst it. From in\ own inspection of this river's wondcrfiill) /ig zng 
course through the frequentU huh-ndgod tnet of country between IMciguiand the 
coal vallev, I should sa\ that there is little chance of finding an e isdy svoikxhle road 
or trani-tiack liLtween the coal and tin scibotrl, svhde a louto pullv by land ind 
putly b) riser would onlv insolse a ruinous bu ik ot bulk in Caniagu ol tlu fuel. 
(»etting the coal to the coast solel) b> the riser route stems iiu silihle ,an<l tin-) can 
only be done hs biigts and stem-wheel steamers ol the sh illowcst di in^hl. 

28. In Lppci Biiima, Di Noetiing re[)Oit« d on the oci uritnce of toil in the 

„ , I'lnlehu subdivision, Kathi distnet, on he leol’iiiiKs 

Kathaffold tract , , , 1 1 ^ 

in the same subdivison , and on the auiileroiib U u ts m 

Wuntho. With regaid to the latter, he toiind on irnsing at the plate thil ser\ 'ilile 
was known as to the actud situation of the loc dilics where gold w \s siulto hise 
been extracted fiom thegioundb\ the natn<.s Thethiel imp^ rlaru e of the nu i^ie 
information that could be obtained toiisj led in the faet tint esersthm; tended to 
prose th\t the gold w is not extraett d from the alhuial torinalion, hnl thii tlieie 
actinlls existed veritable reefs ’ But nothing could 1 c ueLituncd is toilmi 
sv hereabouts, the natives appir^ nth Icing vers iiliiet nt to .ise in» inhiiniiioi 
The onl> inform ition supphc<l was that Mi Buloulu Inl qq’fdtni, nd bci 
granted, a coneession ol ; s(pi ire nule of I ind suppost d to it g* ’d ] 10 hu m^, nt ar 
a village called Kokkolti, ntjrlh of Wuntho At let t stsui difltitm locii ties w< re 
ultimately (liseovered vs here the n Uses ust d to di ; for gold IIosscmt, in cxnni 
nation of the phccs was snfTieicnt to form an opimon is to the oecuiien^t ol gold, 
so fir as this could be done without txirnsivt digging just at tin cno of il c sc^r, 
how'evci, I have ms self had an oppor unit) of inspecting this region, wlneh is Cjiu 
of a schistose senes, which mt) aiTssvcr to our Dhnsvar seiics ol Peninsular Indii 
It is very exlensucly traversed by a complex ot basic igneous rocks, and in corliin 
belts, particularly where the schists arc v» rs talc esc, there is a decided dcsclojmient 
of quartz infiltrations m the form of gentralh sm ill rcf fs, icdgt s, md sirm s which 
are more or loss auriferous. T he whole covered as it is bs tnilv ihn k and 
loftv farcst and subject to a inodcratcls rnoisi c Innate is wonderluli) (h'c oinjKist d 
as to its rocks, which arc now, for consnh rabic depths, hltlc else hut ii d and brown 
ferruginous, sometimes I ilenlic, cla)b, which however still slio v their original bed- 
ded or laminated structure in the decpti gullies and in some ot the irtihei d cxcav 1- 
liors and in this decompose i ioek,oi sc itteicd over its slopes, may b' s cm the out- 
cro})S rf strings and I'^dges, or the d\.bris of tliose. As a consoiiuciicc there are 
seveial localities which liivc been exunsnely an 1 clevcP) washed for gold bv the 
natnes — more stciclil) in old times bciaust tribute was then foicibly demanded in 
gold in this pvrt of (he u uiUr) but much less otion now, 1 did not see, 01 htar the 
least evidence of, anv quart/ hiving 1 cen poiindfrl up for gold-washing, the old 
washers sirnpl) sluiced the wcithered rock*m a primitive but effective fisluon and 
then washed out the coar^^e gold dhepiesenl people think nothing of the line gold 
which is obtainable more or less froiA almost ever) hand lump of the perilous quartz 
debris when pounded in a morty. The present development, lof nearly eight 
months’ standing, is as yet scarcely be}ond the initial stage; no very decided well- 
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Pjnlf^bu C ual 


(IcfineJ or conlinuous reef liavino becu met with, though there are outcrops of 
biggish ledges the quartz of which is, howe\cr, not so rich as in the smaller strings. 
Ihc poor show of quartz occurrences now reported may indeed be more fiequent 
m thickness as thc> arc followed in depth, or ihc> ma) not there is no evidence in 
either one oi the other direction 

29 hor the Pinlcbu coal, which occurs cxclusivclv in the low hills skirling 
the western '?ide of the Mainglliong hill tract , the summary 
of Dr Noeth ig s uport is, that there is cid\ a smill number 

of seams, which arc gemrilj> of verv inferior qnalit), consisting chicflv of shah 
coul onl) in two cises IS it jJiobable til It the thickness of woikib’e coal comes 
lip to five led AUhdigh th< cod is of gcodquilitv, it mj} safcH be Sdid that the 
quantity is insunjcicnt I vcii it there wiie aeons durable quantit) of cod available, 
it IS doubtfu’ whetlK r ibc distance cf at h ast 32 miles liom the ncare^-t r iilwa> ‘station 
would not pre\ciit a succt s^'ful exploit Uinn, the cost of transport bemg too high 
Under those circumstances, the coal scams in the Pinlcbu subdivision mi} be 
i ons derc d as icl Ui\< of little v aluc, cxccj t for local use 

30 The ’c id nuiics in the Pinlebii sul division occur at two locilities where 
the ^hin settlors m tfie Maini;thong lull Inct 1 ave I ecn extracting Iculorcfcr t 
r( iis dcial U me 1 a'-t, — 7^^ , {a) Ka}dwin, and { 1 ) IMawkw n At the former p’ace 
scveial laigc and deep hobs mi) le ocen which hive been driven fiorn the nvei 

bank in*r) the hillside woj k h is, howev er, been stopped 
for some lime So f r is c \n be noticed, the ore occuis 
m th^ du ks of a dvl c of n i^^noous rock belonging to the a] hamte group, ot 
consnU r ibh thickness , at one pi ice its thickness is net li ss than 20 h ct The ore 
being niuutt is found in sinngs uj) to ] inch of Jhickncss fiPing the cracks of the 
rod s ill throind out On jssw it mc cled (19 i per cent of lead ind 3^ oz 16 dwts 
4 grs of silver to the ton of Ic id At M iwkwin, tlfe dvkc is considcnb’> thinner, 
and lie old workin^jS are less extensive, the occurrence of the ore being, however, 
exactly the same as at Kavclwin 

31 So fir as can bejud,,cd from the exam 1 ilion of these tvo localities without 
exlcn''ive diggings bring undertaken, the die^mgs at Kivchvin and hliwkwin are 
situated on one and the same dvkc tunning aiiproximxteb south west -north-east. 
It the dyk^ should contun an eqi tl qiiantitv of on strings at intermediate places, 
such an occurn nee of this lead ore wouhl ccrtainU hive i considerable value, 
Ihis, however, can onlv be settled b) extensive dugings 


MlSIIM and LABOKAroUN 

32 Mr Holland, the Officer in charge of tlie Museum his ra i le considerable 
progicss in the classifieatioi nd mieroscoju de crij)lion of the hr e ieries of 
rocks collected duiing lormci ve^rs b\ oflircis of tie departmc 1 1 md { nvate 
individuals, xiid lesilts obtaii ccl uld gic ill) to oui knowledge of the ciuptivc md 
crvstallinc rocks, winch hive iceentlv prox d to be of gicat pclio ogic al interest 
Amongst fealuies cl notewoithv iniciest which liav e resulted iroin this w 01k, in i) le 
mentioned the curious inilnsioiis ol heuhfidite celadonite and ghucenue in innd- 
soincgrc ncr>stalso[ cilcito, and i new va^ietv ot magnetite llie so cal’ed “lUKa- 
traps/ intrusive m the coal-beMiing rocks of Raniganj Kuhirbari, and Darjeeling, 
aie found to be ii teresling t)pes of an ultra-basic rock, mica-pcndotite. 
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33. A large number of assays of ores and coals, and the determinations of 
minerals, have been published from time to lime in the Records ; and in this work 
of the Laboratory as well as in the Museum, Mr. Holland reports most favourably 
of the carefulness and accuracy of the work done by the Museum Assistant, Mr. 
T. R. I 3 iyth. 

34. Mr, Holland has especially for the sake of students, written an Introduction 
to the Slu«ly of Indian Mineials, witli a descriptive list of the species represented 
and an Index to the Museum collection. 

35. Survey puhlicaiions . — A new echtion of the Manual of the Geology of India has 
been revised and largely rewritten by Mr. R.D. Oldham and published during the 
year, which has been very favourably received. The progress of survey since the first 
edition was issued, has been so marked that an cniire change has been ma<le 
in the arrangement of the book, the rocks being described, in chronological order 
instead of being treated under a senes of descriptions ol separate districts. Still, 
many districts have had to remain untouched, so that as regards these, and where 
no serious modifications were necessary, the original text has been ariowt;d to stand. 
The number of plates, maps, and page iduslrations has been considerably increased, 
and the volume itself is in handier form. Idie year's volume of die Retords con- 
tains 15 papers and appendices, of which six deal with industrial and allied subjects. 
In the PaltXOntologia Indica, Dr. G. W. Gregory's volume on the juras.de Lchin- 
oidea of Cutch has been isaued. 

36. Library , — The additions to the Library amounteil to volumes or parts 
of volumes, of which 1,209 acquired by presentation and 729 by purchase. 

37. Personnel, — Mr. T. W. H. Hughes, througli a most regrettable accident, was 
compelled to lake leave from the 26th January 1893. Mr. R. D. Uldham has 
taken furlough from the i8lh July 1893. Mr. W. B. D. Edwards has also, 
through illness, been granted IcUve from the 4lh November 1893. 

WILL. KING, 

Directory Geological Survey of India, 


Calcutta : 

3 1 si January 1894, 
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Lt\t of hocieties and other Institutions from ithtch putlication^ hai<^ 
been received in donation or exchange for the Ltbiaty oj the Otofo’- 
^ical Survey of India during the year iSgj 

Adflaidf — Ro>il Society of South Australia. 

Aloifrs — Geologicil Survey of Algieis. 

Baliar\i — School of Mines. 

Baltimorf Johns Hopkins University 

Batavia — BaUvun Society of Arts and Suenccs 
But vsi — Natural History and Philosophical Socielv 
Beriin — German Geological Societv 

,, Ro)al Prussiin Ac idemy of Science. 

, Ro)al Prussian Geological Institute 

Bombay. — Bomb Bianch of the Ro)al Asnlic Soci u 

,, Marine Suivev of India. 

,, Mctcorol Optical Depaitment, Government of 1 < nb v 
„ Naluril Ilistorv Sociel) 

Boston — Amcric in Academv of Aits and Sciences 
„ Sock of N iliiral Jlistorj 

Brfslm —Silesian Soi^ict}. 

LrisbvM-. “Ron il Geo 'graphical SocieU of Ausiraln. 

, Ro)al Societv of Queens] xiui 

BKisior — Biistol Nitunhsts Soeietv 
Brlssfls — R(n A M^ acolo ical Societv of Belgium 
BiDMisi — Ilunw^irnn Geological Institute 
,, Hungarian N Uional Museum 

Bi FNos Ayufs — Nitional Aeidemv of ^uenecs Corclol i 
C\FN — Linnaan Society of NormaiuU 
Calcijta — A gniuh ral and li^i ultu^al Societv of lud i 
„ Asiatic Socict} of Bci I 

„ Pditoi, J he hidtJn 1 nqint ; 

,, ,, Jndiir r n ttin^ 

,, Meteorology il Dc|^ irlui nt Gfivernuicnt ot India 
„ Reporter on Econcnnic Proilucls, C/o emu eiu )t India 
,, Sunev of Iiiclu 

Gambridge — Philosophic il Stcictv 

,, UnivLisil) of Caiubnd c 

CvMBKlOGF, 1^1 vss — ]\lllSLUm (f kOUlIl tl C /oolog) 

Cassi l — \ erciiis lur N ituiAinidc 
Cincinnati — ‘^ociet of Natural llisiorv 
CouNiiviPN -Royal U inish \v idemv. 

Dlura Din — G reat Tl ngonoinc trie il Survey 
Dijon -—A cademv of Sciences 
Dki^sdfn — Isis SocKt) 

, Royal Mineralogical^Gcolo^ical, and Pie llistorc Museum. 

Dll I IN — Ro\al tush Ac ad^. 1114 
,, Science and Ait Museum 

PniNBiRGH -Geological Societv. 
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Fdinulkch. — R oAal Scotlibli Society of Aits 
„ Ro\al Society 

,, Scottish Geographical Societ), 

Priihurct, — N atural Ilistorv Society. 

GFMy\ —Physic il and Nitiiril History Society 
Gi \s(.oy\ Glasgow Uni\ersity 

,, Philosophu il SocKly. 

Goihv — P'ditor Pttermann s G<^oqraphiS( he Mitihtilunoeft^ 

— Roy il Society. 

— Nytuial History Society. 

H\titittov — Hamilton Association. 

KomjcwSbi RC;r — rhvsik ilisch Okoiiomisc he Gc sollst hitt 
L^usv^^F — Vaudois Society of Nituial Sciences 
Lur/io. — \ erein fur P^rdkiindf (Gtologicil Society). 

Ln'crF — Geologic il Society of Belgium. 

Lilif — Soci^t6 C]<5ologi(jnc du Nord 
Lisbon. — ( icologicil Commissioii, Portugal 
,, Geohygicxl Survey, Pcutugil. 

LjyFRPooT — Geoiogicil Society 
1 oNnoN — Geologic ii Society 
„ Iron an 1 Stcc.1 tustilnlc 

,, Linn can Sonet) of I oiidon 
, Ko> Gcogrij liiccil 'sock t\ 

, Roy il Inslitulc of (}icU Britiin 

,, Roy il So( ict>. 

Society of Arts, 

„ Zoological 'society, 

laovs — Museum ofNitunl lliston 
M \DKiD. — Gcogi iphical Sociel> 

M \NCiiLs II R — G{ olo/icj.1 Society 

,, Lite iar\ and Philosophical Society. 

"\liLi3oi KNL. — Hepailmcni of Min^ ind W itei Siipjil), Vicioiu 
„ Royal Society of \ ictorii 

Mu \NO. — Italian Society of Nitiinl Sciences 
Mon iKi \L — Ro> il Soc’cty of C an oU 
Me scow. — Impciial Socici) of Naturalists 
N vnrs — Royal Academy of Science. 

N ryyr \s rcT -ON- rYNL — North of I nglond Iiibtituie of Mining and iM< cli inical 
Engineers 

* Nyyy H\yKN. — Connecticut Academy of Arts and Snenn s 
Nfw York — Academy of Sciences. 

OycFORO — Uniycrsily Museum, 

OiiAyys. --(/oological and Natural History Survey of Canadi. 

Paris — Editor , Gtoloqtquc Onuerstl 
„ Geographical* Society 

,, Geological Stciety ot PYance 

„ Geological Survey of France. 

„ Mining Department. 
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rnnADiiiiiiA — Acacknu of V-xfiiril Sciences 
, Amt IK an Philosophical Society 

, Inn kiln Institute 
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The Resident it Ilidcrabad 
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Rcpoit the Bhaganw nla Coal Field, Salt Raiigt, hy 1 om, D. 

LaTolchE, B.Ao Deputy Suptri ntindcnt^ (uological Survey of 
India ( ytith map and 2 flates ) 


Boundaries 


This coal-field is situated near the eastern end of the ^alt Ringe on the phtciu 
f fi M overlooking the \illage of Bhagiinv rla which lies at the 
ituationo the e . range at about 10 miles 10 tlie north cisl of 

Haranpur station, on the Sind Sagar Railway, on the right bank of the Jhcliun It 
occupies a roughly triangular area, as shown in the accornpan} ing plan ol ibout 7 
square miles in extent, of which only the western portion, for the most put covered 
with alluvium, and highly ^ ultivated, can be described as a plate m while the eisrcin 
portion IS hilly and cut up by deep rav m s Sevcril snnll vllug^ ^ are sitintc 1 on 
the plateau, the largest being Ara, which might luve given iis mine to the cox’ held, 
Ning as It does in the centre ot it, with more propriety thin Blnganwila, 

The area now to be deseiibed is only a small poition of the 1 xr^cr j)! itc in c illed 
_ , by Mr IVVynnem liisMcmoir on the bi'l R ai^c Ml c i r tern 

Boundaries . .1 r . 

Plateau, which evteii is ilon^ tne top of the rui^c foi a le it 

distance toyvards the west ind it is quite possible tint hue driosits of cod mw 

exist in that direction, besides those already work< d it Pi Ih in i Dm lor bin so 

little has yet been done in searching the intcr\cning ground th )u^li in lu iiions or 

coal have been met with in several places, thU this lauci arc i nij\ be left out of 

account at present A zone of broken ind hdh round du to slurp Jt idiii^ uul 

faulting of the rocks, rising abruptly from the west rn c 1 0 of tlu illiivul li\t on 

which Ara is situated, conveniently divides the cod lie d licm the higci \ latt n on 

the west, while on the north it is bound d by abroul in 1 deep 1 ivine which ciiK 

down into beds undcrl}mg the coj bearing rucks On the s i th t is 1 mm h d 1 \ 

the long line of scarp ovciloeking tho ] Inns of the Jhcluui \ il c), in I cvtui lin^ 

for about 5 miles from evst to west , and to the noiiii cist I v a Irul of von hib} 

countF), occupu d by highly inclined beds of sandstone uul clns )i ^licr in liie 

senes than the numniulilic h iic stone overlsing the coil lu inn^ beiK, so th tt the 

latter m this direction quicklv In conic bunefl t ) an unwoik ibU dt }> h 

Although It IS onlv (juitc rtcei tly that i seriuus ittempl hisbicn in i it to open 

out lh( coal stuns in ihii, hcM, th ) ut ot tlic cms ent e ct 
Previous notic^'j 11111 f 1. 4 

coal here has been known for imny yens Jt ipicnsto 

have been hrst brought to notice by Dr I Itming m 1853 and wvs rcpoitod on bv 
Dr. Oldham in 186 y Dr 01 ihim estimated the total (jiuntitv of coal ivid ib c at 
16,20,000 raaunds, or between 50,0^0 and 60 o o tons, but there is little doubt 
that a-von'^iderablc quantit> o'" coal, yvbich was not included by Dr Oldhirn in his 
estimate, as he consuiered that it la} it too high an in^^lc to be profitably worked 
at an> rate below th( level at whieh it lould be reichcd by hoii/oiilal adits, cm be 
extracted, if proper prec muons are laVen in opening out tlie mines 

The coal of this locality is mentioned by Mr Wynne in bis Mi nioir on tlie 
Salt-kangc above cited lie quotes horn the report of Dr Oldhini, and gue*, a 
section ot the coal scam and a^sociatcTl rocks at the point referred to above, itz , 


Previous notic''j 


> Memoirs, G. «. I , Vol XlV 
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where the beds lie at a considerable angleJ He does not seem to have been 
acquainted with the coal at the other point where it is now being worked, at mine 
No. 7, where the beds are almost horizontal, though both he and Dr, Oldham state 
that the outciop may be traced for 2 miles. Probably the outcrop of this good coal 
at No. 7 was at that lime concealed by talus. 

Since the publication of Mr. Wynne's Memoir in 1878, nothing appears to hav<J 
been done to prove the capabilities of the field for many years, except that a 
number of holes were dug into the outcrop by native contractors, wdio of course 
took the coal wherever it was most easily to be got, without any regard for the 
future, and if they had been allowed to continue in that fashion, might in time have 
done irreparable damage. Some 2,000 tons is said to have been removed in this 
w.iv, Put in 1892 Mr. Luckstedt, Executive Ei»ginecr, Manager of the Dandot 
Colliery, siibinilted a repor% in which the total quantity of coal was estimated at 
10 million tons, and of this 6 millions were said to be available. Ihis estim<ate 
was so largely in excess of that made by Dr. Oldham, and, as pointed out by Dr, 
King, Director, Geological Survey, rested upon such slender evidence, lint it was 
felt advisable, before sanctioning the expense necessary to provide belter commiinica* 
tion with the railway than the present svslem of pack animals, that some further 
_■> uh'nre shoufii be collected, if poss ble, supplemented by boiings, to prove the 
existence of coal or otherwise at points where it could not be reached by drifts from 
the outcrop. Accordingly, the present detailed survey of the field was undertaken. 
While it was in piogress Mr. Luckstedt furnished another report, in which the total 
amouiV of coal is estimated at 20 millions of tons. This report will be discussed 
further on. 


The best available map of the district, on the scale of i inch r= i mile, not being 
sufficiently detailed to alfow of geological boundaries, 
Plan of the coal-field. Q^^^rops, etc., being laid down upon it with accuracy, a 
large-scale plan of the fichl was prcpaicd by Mr. Dallas P.d wards, As'^islant Super- 
intendent, Gcologicai Survey, during the past king season. A 1 educed cop) of 
the plan, which was surveyed on a scale of 6 i. les = 1 mile, is attached to this 
report. The advantages of making such a plan as this at the same time that the 
geological survey is being carried on are ot.ious. J he bound iries of the dififei- 
ent formations and other geological features can be inserted on the plane lable, as 
the survey proceeds, with an accuracy not obuinable when an ('iilaigeiueiU from a 
small-scale map, made without any refcience to geological details, is the only one 
available. 

The geological structure of the rocks is not very easy to describe, as the 
Geological stroefure. forccs ^hich have determined it appear to have acted from 
(See Sections i and 2, two Of more directions, whether simultaneously or at diftei- 
^ ent periods, and the result is somewhat complicated. At 

the eastern end of the field the ru.ks are tilted up at a high angle, api^arently form^ 
ing the northern limb of a great an iclinal, the southern limb and crown of which 
have been removed by denudation. As we pioceed westwards the anticlinal becomes 
broader and flattened, as it were, spreading out into a series of gently undulatings, 
anliclinals and synclinals, which occupy the space between the highh inclined rocks 
at the southern edge of the range and the northern edge of the coal-field. Gicat 


» Memoirs, G. S. I, Vol ^iv, PI. XIV, p 138. 
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denudation has taken place, so that a deep gap iias been formed between what is 
now the southern edge of the coai-field and the edge of the bills, a large area of what 
may have been productive coal-bearing beds having been removed. Although the 
rocks are seldom quite horizontal over that part of the field which has escaped 
denudation, yet they dip either to the north or south at ^ery low angles, having 
generally sufficient inclination to render drainage of the mines, when it shall be 
necessary, a matter of little difficulty. 

Faults are neither numerous nor of gieat extent in this field. Such as do 
occur are marked on the plan, and it will be seen that 
they nearly all run in a northerly direction, starling from 
the southern scarp, and soon die out, so far as can be seen, on the surface of the 
plateau. The longest can be traced for about 1,500 yards from the edge of the 
scarp, near and to the east of the Railway bungalow, and appears to have a throw 
of about 50 feet at most. This and some of the others appear rather to be very 
sharp folds accompanied by faulting, than ordinary faults, but the result is the 
same, so far as the relative position of the beds on cither side of them is con- 
cerned. 

The formations which we have to deal with are very few in number, since the 
Formations represented. occurs at only one well-defined horizon, and the rocks 

below that horizon need not be noticed. A general 
vertical section through the beds shown on the plan is given below : — 


In descending order, 


Maximum ll^l^.kneM^. 
I'cci, lu(.hc>i 


Nahan sandstones and clays, thickness variable, sometimes 
absent 

Nummulitic limestone 
Yellow and dark grey shales 

Coal , • . : 

White sandstone with pebble bands . • - . . 

Olire shales and clays with boulders of crystalline rocks 

Salt pseudomorph zone, red and grey shales • . . , 


160 o 
14 Q 
7 0 
50 o 

20 o 


Only the lowest beds of this formation are represented in the coal-field. They 
Nahan sandstones. consist of soft grey sandstones interstratified with red or 
purple shales and clays, and with irregular pebbly bands 
from 1 to 8 feet or so in thickness. The composition of the beds varies 
horizontally a good deal, so that the section passed through in a boring at one 
point inay be very different from that at another. The lowest beds contain pieces 
Of silicified wood, also fragmentary bones and teeth, mixed with pebbles of 
quartzite and other crystalline rocks. They also contain what appear to be pebbles 
of the underlying limestone, but the latter is very nodular, and these apparent 
pebbles may be merely nodules mixed with the sandstone while it was still soft 
and not really rolled pebbles. No sign of unconformity can be detected between 
the sandstones and underlying rock. The sandstones have been greatly denuded 
within the limits of the field, and often removed entirely, patches remaining here 
and there as outliers, but to the north-east of the Ara plain these patches coalesce, 
increasing to a thickness of several hundred feet, so that the undeilying rocks are 
only exposed where deep ravines have cut through the whole scries. 
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The scarped outcrops of limestone which form such a conspicuous feature in 
Nummulitic limestone. Salt-Range are of considerable importance as a guide 
to the position in which indications of coal should be 
looked for, because the limestone everywhere overlies the coal-bearing bed, and it 
IS,, indeed, to the softness of the latter, coming immediately beneath the hard lime- 
stone bands, ithat the aforesaid scarps are due. As represented in this coal-field 
the limestone has lost much of the thickness and solidity which it displays further 
to the west, as at Dandot, and even within the limits of the field its thickness 
diminishes from about 1 60 feet on the west to less than 50 feet on the east, while 
beyond the limits of the plan it thins out entirely within no great distance, if traced 
along the outcrop. 


A section of the limestone at mine No, 12 gives, in descending order 


Nodular limestone • . . . , 

Solid and very hard limestone . 

Nodular limestone with partings of shale and clay 
Solid hard limestone .... 

Nodular limestone with partings of clay 
Nodular limestone with bands of shale and clay 
Solid and very hard limestone . • . 

Nodular limestone • . . . . 

Nodular limestone with partings of clay and shale 
Shal^ limestone 


Feet. Inches. 


The want of homogeneity in the limestone has been found to be a serious 
drawback in the attempts made to bore through it, at any rate with the steam 
boring machine, for though the tool cuts through the hard bands readily enough 
on reaching the soft clays and shales it becomes cfogged, and even if any progress 
is made, fragments of the shale frequently fall frem the sides of the hole, and 
cause the tools to become jammed, a difficulty that it has not yet been found 
possible to surmount. 

Immediately underlying the limestone arc . Mand the coal-bearing beds, consist- 
CoaNbearing beds, dark-bluish grey shales passing down into carbona- 

ceous shales or sandstones and coal. The maximum 
thickness of the shales is not more than 14 feet, and it is often less, a circumstance 
which is greatly in favour of mining operations here as compared with Dandot, 
where the shales above the coal reach a thickness of 40 feet. Another advantage 
here is that a band of hard sandstone is freqtumtly found between the coal seam 
and the shales, affording a good roof to the workings. Beneath the coal-bearing 
beds is a strong band of vvhii6 sandstone, often stained yellow or brown by oxide 
of iron. This also frequently contains strings of carbonaceous matter, and some- 
times pebbles and boulders of crystalline rocks. It*', thickness varies a goo^ deal 
in different parts of the field. 

The rocks which succeed this band need not be described here in detail, as 
though they afford some interesting ptJints for discussion they have no connection 
with the subject of this report. 


Distribution of the coal. 

The evidence so far obtained as to the distribution of the coal in this field is of 
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... J , .h.f affnrrfed bK natoral outcrops; and and. that afforded by the 
two kinds; ist, that numerous points along the outcrop, 

drifts and mines ^ j,,e long southern scarp, which stretches in sii 

Beginning unbroken Jine for a distance of about 5 miles from mine 


f. Outcrop 
tions. 


iadlca^ 12 to the 6dSt Of 10100 J\0. Ij 

may be observed : — 


the foltowo^ sections 


Section (see Plan), Mine No. ifl— 

Limestone (see page i8) • • 

YeJiow shales . • • • 

Dark grey shales , • . 

Carbonaceous sandstone • • 
Sandstone band ... 

Coat 

White sandstone • 


Feet inches, 
about 164 o 

. 2 o 

S o 

X 9 

. O 6 

. I o 


Proceeding from this point along the left bank of the ravine, the outcrop of the 
beds beneath the limestone is much concealed by talus, but where visible, the rock 
IS a coarse yellow and white sandstone the shales apparently being absent , nor is 
there any trace of carbonaceous matter. Where the outcrop bends sharply to the 
east, the following section is seen : — 


Section No. II — 

Limestone .«•«•••* 

Shales about 3 feet seen. 

White sandstone much stained with Iron • • * »» 4 o » 


No good section of the rocks between the hmes>tone and sandstone is exposed 
along this part of the scarp up to drift No 9» but where the shales aie visible they 
are not carbonaceous. 


Sef'tion No, III Drift No, 9-^ 
Limestone « • 

Carbonaceous shale • 

White sandstone , . 

Pink sandstone • 

Grey shales « • 


Ft-ct IdcIk* 

5 o 

54 o 

18 Q 


Again, between this and drift No, 8, there is much talus, Init a clear section is 
exposed at the mouth of the latter drift beneath the bungalow, and close to the 
road from Ara to Bhaganwala. 


Drift No. 8- 


Feet, Inches. 


Limestone ••••«• 

Shales 

Carbonaceous shale • • • • • 

White sandstone very much stained at top • 


about 4 o 

. 1 o 


To the east of the road^a little carbonaceous shale shows at intervals, but no 
good sections are exposed till near drift No. 7 A. In a gully afcout 500 feet west 
of this drift the section is— 


Section No. IV— * 

Limestone •«•••• 
Shales 

Ferruginous sandstone • • ^ 

Slightly carbonaceous sandstone and shale 
\\ hite sandstone • • • • 


Feet. Inchee. 

10 o 

0 6 

1 O 
••• 
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At about 75 feet to the west of the drift tbe coaly stuff has increased to 2 feet 
4 inches, and at the mouth of the drift the section is — 


Drift No 7 A — 

LiAiestone .... 
Sandy marl with many bivalves 
Yellow shale • 

Dark grey shile 
Sandstone • . , 

Carbonaceous shale and coal 
White sandstone 


Feet locbes, 
I 4 

• 3 o 

. 7 o 

about o 6 

• 2 o 


Beyond the drift the carbonaceous band dies out again, being about i foot 6 
inches thick at 100 yaids from it The ground is then again covered by talus, 
and no good sections are seen until the spur overlooking mine No, 7 is reached. 
From this point to mine No. 6, a distance of about a mile and a quarter, clear sec- 
tions are freely exposed A photograph of this portion of the scarp is attached, 
(Plate II) which gives a good idea of its general aspect No coal or indications of 
It aie seen, however, until a point is reached about 300 yards west of mine No 7, 
where about 2 feet of carbonaceous sandstone appears at the base of the shales be- 
Hv-atii the limestone (Section No V) This band of carbonaceous sandstone gradu- 
alh increases in thickness, and the proportion of coal it contains becomes more con- 
siderable up to mine No 7, wheie the section is— 

Mine No. 7 — 

Limestone ... • . 

Sh'ile • • • • • 

Sandstone band . • • • • 

Codi 1 . • . . , 

White sandstone • , » . • 


Feet, Irchetk 
about 100 o 

• 11 o 

• o 7 

• S 3 


To the east of the mine the coil thins on ^ un, until at about 200 yards distance 
the *^eam is represented bv a band of grev sai tone with strings and nests of coal. 
Be}ond this there are no signs of coal, or onl} very slight indications, for a con- 
siderable distance, to near drift No 6 B ncre there is another lenticular band of 
coaly shdes and sandstone Wheie hrsl seen, the coaly la}er is 1 foot 3 inches 
thick, increasing to 2 feet 9 inches at about 12 }ards further on, and continues with 
about the same thicknesa, but very irregular, to some 50 jards be} end the drift. 
Taius then covers the outcrop to near mine No 6.* 

At the mouth mine No. 6 the section is — 

Feet Inches. 


Liiripstono . . • . . . • , • ..... 

Shale and clay ..••••••*80 

Coarse sandstone with of coal to* 

Sandy coal ..•40 

White sandstone 


• Mr Luckstedt in his second reportspeaks of a “line of erosion" about 1,200 feet 
wide as occurring in the scarp between mines Nos 7 and 6, but I could not detect anything 
of the kind, nor could I see the * false bedding" he mentioue in the lowest portion of the 
nummuliti limestone, though I looked for it carefully, as such a structure in the limestone* 
considering the mode of origin of the latter, would be worth studying 
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Beyond this again the rocks are hidden by talus, but at 450 yards from the 
mine a section is exposed— 


Section No VI— 

Limestone • . • . . 

Blown clay 

Soft sinds^one with strings of coal 
Hard 8»ndstone . . * , 

Soft sandstone, snghtiy carbonaceons 
White sandstone 


Feet, Inches. 


3 o 
1 o 
I a 
o 10 


A little further on the vs hole of the rocks are concealed beneath a great slip, 
which has covered the hill-side with a confused mass of blocks of the Nahan sand- 
stone from above. Where they appear again to the cast of the slip no indications of 
coal aie seen up to and upon the col dividing the drainage towards Bhaganwala 
from that into the Bunhar river ; but they appear again near the head of the ravine 
on the east. At firbt there are two blinds of coaly stuff from 10 inches to i foot 
thick, separated by sandstone. The shales aliove the co»rly band are of a bright red 
colour, as though they had been burnt. Continuing along the side of the ravine the 
rocks are somewhat concealed by talus. Occasional indications of coal are seen 
as at section No VII, where there are 15 inches of sand) carbonaceous clay, but 
sometimes the place of the <^cam is taken b) a pebbl) band of sandstone. It then 
begins to thicken gradually to about 3 feet at mine No 5. Here the rocks begin 
to bend over wuh a dip of about 30° to the north. The seam may be tiaced 
continuously, and at the same tune improving in quahtv, bc)ond mine No 4, where 
the thickness is 3 feet z inches, down to the bottom of the ravine. At this point the 
section IS — 

Mine No 3W— 

C Soft grey sandstones, weathering red 
Base of Nahans ^ Light green and brown marly c ly 
c with nodules of Iimcbione 
Limestone, very nodular, with partings of c ay 
Limestone with small nodules , . , . , 

Shelly bed 

Sandy limestone , . , • . • 

Yellow marly bed with selenite in cracks . , 

Coal 

Sandstone 

Clays, light green ....... 

Green shales with much selenite .... 

Red shales 

Dip N. 10® E at about 50°. 


E ect Inches. 


3 o 

SO o 

9 o 

4 6 

I o 

I o 

7 o 

21 o 

10 o 

13 O 


The coal seam continues up the hill-side to the south with an average thickness 
of about 4 feet and down to the ravine in which mine No. 1 is situated. At the 
bottom of this ravine the section is — 


Mine No. 1— 

Nahan sandstone . . 

Limestone , ^ 

Purple shale . * * 

Dark'coloured sandstone ' 

. . . . 

Sandstone . 

Green clays and shales ’. 
Red shales ... 


Feet, incbte. 


20 O 
2 O 
6 O 
4 6 
f6 o 
10 o 
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Half-way up the hill on the south bank of this ravine a trial drift has been put 
in, but without finding coal. The section at the mouth of the dnft is— 

Section No VI 11 — 

Feet. Inchet. 


Limestone . • . . . . • , . .180 

Purple clay 20 

Dark-grey and white sandstone ••••..80 

Slightly carbonaceous sandstone ....••20 

Carbonaceous sandstone .... • • 3 3 

White sandstone 8 o 

Greenish clays and shales .••••• 15 o 

Red shales 


At the top of the hill, the furthest easterly point shown on the plan, all traces of 
coal have disappeared. It will be noticed that the limestone is very much attenu- 
ated in these latter sections, as compared with its thickness at the western end of 
the field, and at a short distance further east it thins out entirely. 


Section No IX— 

Grey Nahan sandstone , . , 

White nodular limestone 
Yellow limestone, very fosstliforous 
Purple shale with a band of clay at top 
White sandstone .... 
Red shales ..... 


Feet. Inches. 


2 o 
14 O 

2 O 

to O 


Besides tms long line of outcrop along the southern edge of the field, the 
drainage from the plateau has in more than one place cut through the formations 
above the coal-bearing beds, and we are thus enabled to form an opinion as to how 
far the coal seam extends to the north and east. The ravines in which the beds 
are thus exposed are the Rii rav me, to the east of Ara village, the Gahi ravine 
running east from the village of Dhamiala, and the Sikki ravine, which extends 
along the northern edge of the field. ^ 

In the Rai ravine the rocks beneath the Nahan sandstones are exposed over a 
o considerable area as an ifilier, the outcrop of the coal- 

beanng beds forming a narrow, continuous band on both 
sides of the ravine. Several good sections a exposed, especially on the north 
bank, but on that side there are no indications )f coal whatever, the place of the 
coal seam being taken by shales. On the south bank a section at the mouth of 
Drift No. 10 gives : — 

Feet. Inches 

Limestone *••.«••• •• ... 

Grey shalea ....,...••40 

Ferruginous conglomerate mixed with clay, containing quartz 
pebbles .. ........20 

White sandstone with strings of cool and coaly stuff lining cracks 8 o 

Fine yellow sandstone with pebbles .••••30 


At the mouth of the drift some distance turiher to the east, marked Geological 
Survey Drift on the plan, which I had put in at lh»s point because it was opposite 
to mine No 7 on the southerh outcrop, and it was important to discover hbw far 
the good coal in that mine extends in a northerly direction, the section is — 


Limestone • . • 

Shales . • 

Yellow sandstone • • 

Carbonaceous sandy shale 
White sandstone • 


Feet, 

about 10 

1 

• 1 


Inches. 


O 

6 

o 


There is no “ seam of weathered coal, i8 inches thick,” here, as stated by Mr. 
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Luckstc'lt, but, as is so often the case m this field, (he sandstone which occupies the 
place of the coal is iire«*ularlv caibonaceous. 

In the bottom of the ravine, wheie the rocks dip below the level of the stream 
bed, at drift No. ii, there is no good section to be seen, both banks being more 
or less coveied bv talus, but jubt within the mouth of the diift there are about 3 feet 
of shale at the babo of the limestone, overhmg sandstone, in which there are no 
traces of coal 

In the Gahi ravine also a small dosed area of the rocks beneath the limestone 
Gahi ravine. exposed, but with the same disappointing results, as 

regirds indic Uions of coal, as in the Rai ravine. At only 
one point could I find anv traces cf carbonaceous matter, and I had a cutting 
made here as the outcrop was obbciired by talus. At a distance of 30 feet in, this 
gives the folloviing bcction — 


Section No \1 — 

Limestone 

Vellow shale . . . , 

Slightly carbonaceous ‘^andy band, very irregular 
Soft whi'e sandstone and clay 
Dark grey shales . # , . 


tett Inchcfl 

a o 

0 6 

1 6 


Wherever at other pLces in this ravine the locks between the limestone ind the 
greenish-gre> shales of the boulder bed are exposed, they consist of )ellovvand pink 
sandstones, even tlic shales which usiull) occur at this hori/ion being absent. 

Along the southern bank of the Sikki ravine the outcrop is exposed for more 

SiUi ravine “"’g b( ds is generally 

concealed b) talus from the liinrsione above At one 
point there are some indications of coal, and heie a dnft (No. 14) has been put in 
7 lie section at us mouth is — ^ 


Drift No 14— 

Liinf stone . . « 

Marl • • • *# 

C irbun'ireous sandstone . 
White sandstone , • 

Boulder bed . • • 


Further to the west, neir the village of Sikki, 
sured — 


hett luchcH 

• • 

• • o 

6 

• o 

• • - ... 

the following section was mea- 


Section No X — 

Limestone . . , 

Shales • . • . 

Ferruginous sandstone . 

Concealed by talus 
Soft purple sandstone 
Pebbly band • f • 

Yellow sandstone « , 

» Boulder bed . , 


f ett Inches 

• • • ••40 

• • • ,26 

•*•.•60 

• • • • » 3 ® 

•••••46 

• • • • ik 8 o 


In considering the evidence afforded by the natural outcrofis of the beds, as 
Conc'uxions to be detailed above, it must be borne in mind that, although the 

fffoTdedX™ ut«op*"'“ concealed by talus, and the 

evidence is therefore to a similar extent imperfect, }et it 
is seldom that an interval of more than a few hundred feet of taliis-covered ground 
separates points at which the beds are more or less well exposed, m the numerous 
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small gullies which furrow the sides of the scarps. Therefore the cumulative 
evidence derived from such a large number of sections becomes more worthy of 
acceptance. Moreover, in those cases where good coal does occur, as at mines 
Nos. 7 and i to 3 W, it 8hov\s distinctly at the outcrop, and the seam maybe 
traced almost continuously on either side of the points of greatest development, 
gradually thinning out as we recede from those points, until at last it disappeara 
entirely, or is replaced by coily stuff -mbedded in sandstones or shales. Thus we 
are justified in drawing this conclusion from a study of the outcrops alone, that the 
distribution of coal is extremely irregular, and that it would be very unsafe to form 
an estimate of the quantity of coal that may exist within the area under considera- 
tion, from such evidence, taken by itself. 

The diifts that have been put in at various points along the outcrops may be 
conveniently divided into two groups, viz,, those situated 
the afforded by narrow neck of coal-beirmg rocks at the eastern end 

of the field, fiom No. i to No. 7, including the drifts in 
the Rai ravine, and those situated in the western portion of ihe plateau, Nos. 7 A to 
12 on the southern outcrop, and No 14 m the Sikki ravine on the north. 

Taking first those in the eastern portion of the field, it should be noted that 
these are the only places from which coal of good quality 

tion of coaUheid procured Drifts Nos. i to 5 are all on a 

continuous bind or seam of coal, which may be traced, as 
above described in treating of the outcrops, for a distance of nearly a mile along 
the stiike of the beds, and having an average thickness ol about 4 feet. Nos. i and 

3 E are diiven from either side rf a ridge, and meet in the middle of it, having a 
total length of 1,380 feet, Ihe centre pit No 2, driven from the highest point of 
the same ndge down the clip of the beds, meets^the other two about halt-way 
through the ridge, and continues beyond them to a distance of over ^00 feet from 
the outcrop. Thus the continuity of the s^am in tliis area has been fairly w^ell 
proved. The thickness vanes from 3 feet o inches to 7 feet, and 5 feet may be 
tiken as a fair average. 

No. 3 W IS driven along the strike of the ueds on the bank of the ravine 
opposite No. 3 E, to a distance of about 300 feet from the outcrop, and shows the 
seam reduced in thickness from 3 feel 6 inches at the outcrop to 2 feet 9 inches 
at the farthest point reached. A bianch diift is also being put in at right angles 
to this in the direction of the dip, but it has not proceeded far, having been 
stopped for the present by water. Three feet may be taken as an average thickness 
for the coal affected by this drift. 

Nos. 4 and 5 were driven to a distance of only 100 feet from the outcrop, and 
I have no information regarding them. 

Drift No. 6 starts in about 4 feet of coaly sandstone, in which the coal and 
sandstone are disposed in thin, Uernate layers, further in the seam becomes 
thinner, but of better quality, and at 240 feet from the outcrop there are 2 feet 

4 inches of good coal. 

Between this and drift No. 7 one or two drifts have been put in at points where 
there are indications of coal, but they are now blocked up, and 1 have no informa- 
tion regarding them. 

Drift No. 7 was started in good coal, about 5 feet thick at the outcrop, and 
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extends in a northerly direction for about 500 feet, still iit good coal of the same 
thickness. It has been opened out as a mine, and a considerable amount of coal 
has been worked ovt from either side of the main drift . The seam varies in 
thickness from 2 feet 9 inches on the west side of the main drift to between 4 and 
5 feet on the east, and a thickness of 4 feet 6 inches may be taken as an average 
throughout the area proved by it. 

In the Kai nivine three drifts have been put in, all on the southern bank. Of 
these No. lo extends to a distance of iSo feet from the outcrop, in the shales 
below the limestone, but without finding any traces of coal. No. ii is driven at 
the lower end of the ravine, where the rocks are brought down by a dip of about 
20° to the level of the bottom of the valley. It extends to about 170 feet from the 
outcrop, and shows about 3 feet of shale underlaid by sandstone, in which there 
are occasional stnngs of coal, but no coal is found in the shales. 

In the drift between these, which I had put in at this point as being opposite 
to mine No. 7, and which extends to about 200 feet from the outcrop, a similar 
section is shown, there being some 10 feet of shales beneath the limestone, without 
a trace of coal, underlaid by sandstone in which strings of bright coal, up to an 
inch or so thick, are occasionally found. And it is evident that the seam of good 
coal 5 fest thick, in mine No. 7, must die out in this direction, as it does along the 
outcrops on either side of that mine. Mr. Luckstedt, it is true, asserts that there 
is no prospect of reaching the coal of mine No. 7 within a distance of 400 or 500 
feet from the outcrop in the Rai ravine, as, according to him, the whole of the 
southern side of the ravine is a slipped mass. But, apart from the fact that there is 
no evidence of such a general slip at that distance from the outcrop, even if it 
had occurred, it is inconceivable that it should have utterly destroyed the coal, and 
left the soft shales, in which the coal should be found, intact. In this drift there 
is a small fault or hitch at jio feet from the mouth, bringing down the limestone, 
but the section is not affected by it ; and the drift has been continued far beyond 
it, without meeting with any improvement. At drift No. ii there is certainly 
no question of a slip, as the beds dip below the level at which denudation can 
have affected them, and are in an exactly similar position to that which they occupy 
further along the strike, at mine No. 3 W ; and there is no reason whatever why 
the coal, if it originally existed at both these points, should have disappeared at one 
of them and remain at the other. These drifts, in my opinion, prove conclusively 
that the coal does not extend continuously from the southern outcrop to the Rai 
ravine, but thins out somewhere in the interval ; and so far from agreeing with Mr'. 
Luckstedt, 1 say that we have as yet no evidence, and there is no reason for 
thinking that the seam extends even to within 500 feet of the mouths of drifts in 
that ravine. 

Drift No. 7 A shows near the outcrop a thickness of 2 fe^ 7 inches of sandy 
Drifts in tbe I ^ consisting of thin alternating layers ctf 

bright coal and sandstone. At 70 fee| in this dwindles to 
about a foot of the same stuff,* then thickqps again to 3 feet at.ihe end of the drift, 

200 feet from the outcrop. 

Drift No. 8 is now closed, but Mr. Luckstedt states that it Extends for 120 feet 
from the outcrop, and that the i foot of carbonaceous sandst^e exposed at the 
mouth docs not improve further in. He accounts for this by saying that a fault 



PART 1.3 LaTouchE: Bhaganwala Coal-Fitld, SaluRange, Punjab. 37 

runs about 300 feet to the east of the drift in a northerly direction. The lanlt is 
certainly there, but I do not see how it could have affected the thickness of the 
coal supposing that it was originally greater at this point. Faults are of common 
occurrence in most coal-fields, but beyond altering the relative positions of the 
seam on either side of them, they have little or no effect on the thickness of the 
coal, except along the actual plane of dislocation, where the rocks are sometimes 
crushed, and I know of no instance where a seam has been affected in such a man*- 
ner, at so great a distance as 300 feet from the fault, as to reduce its thickness to 
such an extent as Mr. Luckstedt imagines. 

Drift No. 9 is also now stopped up, but was apparently no more promising than 

No. 8. 

Considerable importance must be attached to the indications afforded by mine 
No. 12, for assuming for a moment that Mr. Luckstedt is correct m attributing the 
general absence of signs of a thick seam of coal along the outcrop to slipping and 
other dislocations of the strata, this is ]ust the place where we ought to find that 
thick seam in full force. For at this spot, not only is the scarp of recent formation 
l)ing as it does close to the head of a small ravine in which there is a perennially 
flowing stream of waiter, but there are no slips or faults anywhere in the vicinity, by 
on his hypothesis the seam, supposing it had originally existed, could have 
been destroyed. Yet, on the one hand, in spite of the freshness of the outcrop, no 
thick seam of good coal shows in it, and on the other, although the drift has been 
pushed to a distance of over 250 feet fiom the outcrop, nothing like a continuous 
seam of good coal has been met with. The place of the seam is occupied by a 
band of carbonaceous sandstone and shale, varying in thickness from i foot 7 
inches to about 4 feet. The sandstones usally contain thin strings of coal of good 
quality, sometimes thickening to a band about a f(»t thick, but useless as fuel, 
from the amount of foreign matter inseparable froip it. Some of the so-called 
coal from this mine was tried in the engine of the steam boring machine, but it 
would not keep alight in the furnace. 

The same remarks apply to the only drift iba. nas been put in on the northern 
side of the field, No. 14. Here also the scarp above the outcrop is not very high, 
and there are no signs of slipping or other d.slocalions anywhere near the drift. 
It extends to a distance of about 2co feet from the outcrop, always in carbonaceous 
sandstone with the strings of bright coal which are such a common feature in 
the sandstones that so frequently occupy the place of the coal seam in this field. 

It may be objected that the non-occurrence of good coal in these two drifts 
may be a mere accident, owing to an unfortunate choice of position, but seeing that 
both of them were put in where they are solelv because of the comparatively pro- 
mising indications of coal at the outcrop, that argument can hardly be considered 
as valid. 

If these two drifts, in conjunc. 'n with No. 7 A, 8, and 9, prove anything at*alb 
they prove that a continuous seam of coal, 3 or 4 feet in thickness, does not 
underlie the whole of the plateau,— that js, over by far the greater part of the area 
coloured as productive of coal on Mr. Luckstedt’s maps; and the conclusion 
drawn from the evidence afforded by the outcrops,— that the distribution of 
coal is extremely irregular — is thus quite borne oqt by that of the drifts. Still, 
however, it quite possible that coal in large quantities may exist beneath the 
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plateau, but until its existence has been pnved, it is quite out of the question to 
take such hypothetical coal into calculation, when speculating upon the total 
quantity obtainable from the field. 

I may mention here that my colleague Mr. Middlemiss, who had been rather 
sceptical as to whether any correct inferences could be drawn from a study of the 
outcrops, was convinced after seeing the two drifts. Nos. 12 and 14, of the truth of 
the conclusions I had come to regarding the irregularity of the coal seam. 

This irregularity in the distribution of the coal may' be due to either of two 
Causes of irregulftrhy either that the coal was originally deposited in 

in distribution of coal. limited areas, Of that subsequently to the deposition of the 
coal bed over the whole area it was irregularly denuded. 
From the manner in which the seam, wherever there is good coal, can be seen 
passing horizontally into carbonaceous shales and sandstones, I am inclined to 
think that the first of these causes is sufficient to accoant for the facts, and that the 
coal was formed in detached pools or marshes of limited extent, the banks of which 
are represented by the barren ground intervening between the different productive 
areas. I have, moreover, not bven able to find any good evidence of erosion sub- 
sequent to the deposition of the coal, except that in some cases the sandstones 
overlying it cortain what appear to be fragments of coal ; and as the period follow- 
ing that in which the coal was formed seems to have been one of rather rapid 
depression, as evidenced by the appearance of the limestone at no great distance 
vertically above the coal horizon, it is likely that the beds were quickly covered 
by shales and sandstone, and were thus protected from denudation 

A few obscure casts of fossils, principally gasteropod.s, have been found in the 
^ j sandstone layers immediately above the coal at mine No. 7, 

Age o t e con . SRifficiently well preserved to determine the age of the 

beds, but there can be littlq doubt that they belong to the nummulitic group, it 
is remarkable, however, that the coal frequently contains specks and nests of fossil 
resin, which is characteristic of the coals of cretaceous age in Assam, and in that 
part of the country serves to distinguish them from the new^er tertiary coals. 

Before the present investigation was undertaken, it was pointed out by the 
Director of the Geological Survey that borings would have 
Borings. down on the plateau, to prove the existence or 

otherwise of coal beneath it ; and all that 1 have seen of the conditions under which 
the coal occurs has convinced me that several borings should be made. 'I he 
distance to be sunk in any borings made on the plateau need not be more than 
300 feet or so, and at many points would be much less, whereas if it is proposed to 
continue driving from the outcrop until the plateau is thoroughly proved, many 
thousands of feet of barren rock may have to be passed through, before any coal is 
struck ; and on the score of expense alone it seems to that a serious effort 
should be made to carry out those borings at any rate whijph have been started 
during the past six months, down to the coal horizon. Tw^ of these were partly 
sunk with the aid of the steam boring machine belonging to |he Geological Survey, 
which does its work excellently so long as bard and homogei^ous rocks have to be 
passed through, the average rate of progress being about 3 feet per hour in the saad* 
stone, and over i foot per hour in the hard limestone. the latter contains 
bands of soft shale and clay, which it has been hitherto found impossible to bore 
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through with the machine. These borings are being proceeded with by hand, as 
the soft beds present no obstacle^lo that method, but in the harder limestone bands 
progress is extremely slow. A third boring is being sunk by the aid of the 
machine, and so far has proceeded satisfactorily, but it remains to be seen whether 
similar soft bands will be met with, as in the other two borings.* 

In making an estimate of the quantity of coal obtainable from tne Bhaganwala 
field, the foregoing consuleiaiions will have shown that we 
available*^ justified in taking into account only those areas in 

which the existence of workable coal has been actually 
proved, and it will be noticed that these are just the areas in which good coal 
appears at the outcrop, viz., along the scarp from mines Nos. i to 5, at No. 6, and 
No. 7. In no other instance has any of the drifts proved the existence of good 
coal, nor have the indications of its presence at the outcrop been found to improve 
further in. As far as regards the areas above referred to, 1 have satisfied myself 
that Mr. Luckstedt’s figures, as given in his second report, are reliable, and I 
calculate the available quantity of coal as follows : — • 

(0 Mines Nos. i, 2, and 3 E. 

These may be taken together, as they are practically one and the same mine. 

Estimated average thickness of seam . = 5 feet. 

Area actually proved «..•£: 384,000 square feet. 

Quantity of coal = 384,000 x 5 

.. — 64,000 tons. 

30 

To this may be added, according to the depth, measured along the dip, to which 
the mines can be worked, for each 60 feet in that direction, or an addition of 
96,000 square feet to the area, 

96,000 X 5 

— — = 16,000 tons. 

30 

Supposing, for instance, that it is found feasible to woik the mine to a depth 
of about 2,000 feet along the dip, below the bottom of the ravines on either side. 
And 1 think that such a depth would be quite practicable, for it is not likely that any 
great influx of water would be met with, considering the climate of the locality. 


• Stnee the Above was written, this boring, No. 4 on the plan, was stopped, as far 
as the machine was concerned, by a soft layer int' n limestone at a depth of 150 feet from 
the surface. About 45 feet of the limestone had then been bored through, and 1 calculated 
that about 70 feet more remained before the coal-bearing bc'l would be reached. Should it 
be found impossible to carry any of the borings down to the coal horizon, I recommend 
that one or more shafts should be sunk, say, close to borings Nos. 3 and 4. These would no 
doubt cost more than the drifts per foot, but probably not much more, and the distance to 
be passed through in order to settle the quest%ii of the existence of coal beneath the plateau 
would be so very much less in the case of shafts than in that of drifts from the outcrop, that 
the cost of the former would be a mere trifle as compared with that of the drifts. Moreover » 
iu case good coal is found beneath the plateau, shafts will have to be sunk in order to ventilate 
the mlneSi so that the expenditure on them will not have been wasted. 
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Assuming, then, that the coal retains its thickness to that depth, we shonld 
have a total quantity of about 600,000 tons of coal a 'ailable from this mine alone, 
fii) Mine No. 3 W— 

B«timAted average thtektk«ss o£ s^ant • • • • m 3 feet. 

Area actually proved m64iSoo square feet. 

Quantity of coal 6,480 tons. 

It is a question how far the seam extends along the strike beyond the area 
proved^ since where the beds are again exposed in that direction , in the Rai ravine, 
the> contain no coal, but it may be assumed that it continues to at least 1,000 feet 
from the mouth of the mine. This would give for every 60 feet of depth, measured 
as before, along the dip, an additional area of 60,000 square feet, 

60,000 M3 ^ ^ j. e 1 

or, *0,000 ton 9 or coal. 

Assuming, as before, that the coal extends to a depth of 2,000 feet along the dip, 
and that it can be worked to that depth, this would give a total of 200,000 tons. 

Adding the portion which it may be assumed can be worked out along the 
strike beyond the area actually proved, Z.^., over an area of 240,000 square feet> 
which gives — 


a40,ftooj< 3 
30 


■“24,000 tons 


we get a total of about 230,000 tons of coal available from this mine. 

(iii) Mines Nos. 4, 5, and 6. 

These mines have not yet been opened out sufficiently to furnish any reliable 
data on which an estimate can be founded ; besides which Nos. 4 and 5 are so 
much closer to what appears«to be the original limit of the basin in which the coal 
was formed, as to render any speculation, regarding the distance to which the coal 
may extend from the outcrop, exticmely hazardous ; while No. 6 appears to be 
in a small detached basin, very little of which has been actually proved to contain 
good coal, 

(iv) Mine No 7 — 

Estimated average thickness of seano . • • . »4 feet 6 inches. 

Area actually proved square feet. 

Quantity of coal proved » *18,000 tons. 

Here again it is not known how far the seam extends in a northerly direction, as 
it does not appear in the sections exposed in the Rai ravine, at a distance of 3,750 
feet from the mouth of the mine ; nor is it known how far it extends laterally on either 
side of the area proved. Assuming, however, that it extends half-way towards the 
Rai ravine, with an average breadth of 500 feet, an area of 817,500 square feet will 
be.added to that already proved, which gives — 


S«7.500X Q 
joxa 


-122,623 tons. 


Adding the amount actually proved, •we have in round numbers <40,000 tons 
available from this mine. 

Adding together the whole of ihese^ amounts, it appears that 88,480 ^ns of coal 
have been actually proved, and that a reasonable estimate of the coal obtainable 
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from the three mines referred to gives a grand total of 970,000 tons, or, say, one 
million tons, of coal. From this amount quite 25 per cent, should be deducted 
to allow for waste, on account of the frequent inverbedding of the coal with thin 
layers of sandstone, and of the remainder a large proportion will be slack coal ; but 
this, it is stated, can be sold at a profit. 

The conditions under which the coal is found, as regards roof and floor, and 
^ . thickness of the seam, aie such that nearly the whole of 

General conclusions. . . j i , 

the amount estimated above should be easy of extraction, 

under a proper system of mining, and except at the eastern end of the field, and 

that only when the mining is carried below a certain depth, no pumping will be 

required to drain the mines. On the whole I consider that though the quantity of 

coal estimated for is by no means proved, yet there is a reasonable prospect of sufli- 

cient coal being obtainable, and under favourable conditions, as to make it quite 

worth while to improve the existing communications with the railway at Haranpur 

in the manner detailed in Mr. Luckstedt s reports. 

It will be seen from the foregoing that my estimate of the coal available differs 
, considerably from that formed by Mr. Luckstedt, whose 
estimate amounts to 20 million tons ; the reason being that 
1 cannot agree with him in including the very large area coloured as coal-bear- 
ing on his map, until some more decided evidence than is at present at our dis- 
posal can be brought forward^to justify the inclusion of that area. Mr. Luckstedt 
begins his argument by asserting that “ it is a mining axiom that a coal seam cannot 
abruptly vanish, and that the continuation of a seam that has been worked up to the 
boundary of a district may be safely assumed,” Where Mr. Luckstedt got this 
‘‘ axiom’* from I do not know, but from the use of the word ** district,’’ I suspect that 
it refers entirely to the conditions under which seams of coal occur in England, 
where coal estates are divided into districts, and it ma3ibe presumed that where coal 
has been proved in adjoining estates and districts that it will be continuous between 
them. But the seams in the coal-fields of this country are not as a rule so con- 
tinuous in thickness for great distances as they are in the coal-ficlds of England, 
and numerous examples might be cited, even fields of Gondwana age, where the 
seams do thin out from a workable thickness to ne of a few inches or so, if not 
abruptly, using the word in its strict sense, yet within a few yards. And in fields 
of nummulitic age, such as this of Bhaganwola, the thinning out of seams, just as 
they are seen to do here, is the lule rather than the exception. 1 have seen it in 
the Jammu coal-field,, in those of the Khasia Hills in Assam, and even the enor- 
mously thick seams of Upper Assam are not continuous fer anything like the 
distance to which the rocks, in which they occur, extend. 

Mr. Luckstedt says again that, if the seams v^ere deposited in detached basins, 
we should have signs of the approach to the edge of such basins in the appearance 
of littoral deposits containing pebbles, in Ur.c with the coal seams. But it is not 
at all necessary th at such deposits should contain pe!-bles ; in fact, considering the 
conditions under which the coa' vas foiled, it is hardly likely that pebbles vould 
cccur. Their presence would depend on the distance of the nearest hills, in which 
solid rocks capable of being formed into pebbles occurred, and supposing that 
the coal was formed under some such conditions as at present exist in Sylhet, and 
the Sunderbunds, the absence of pebbles is easily accounted for. But the replace- 
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ment of the coal seam by sandstones and shales, as so frequently happens here, 
is precisely what we should expect if the coal had been formed under some such 
conditions as I have supposed, and is in itself an indication that it was laid down 
in pools or marshes of limited area. 

The “ axiom quoted by Mr. Luckstedt is, he says, based on the laws of sedi- 
mentation, by which coal and its associated shales can only be deposited during a 
prolonged period of great quiescence."' However true this may be of the continu- 
ous seams to which the “ axiom ’* refers, the facts of the case here seem to point in 
the opposite direction, m., that the period of coal formation with which we are 
dealing was one of rather rapid change. Within a thickress of less than 50 feet of 
strata, vve have several diffierent rock bands, each of which denotes a more or less 
abrupt change of conditions, and a glance at the sections given above will show 
that each of these bands varies greatly in Ihickneas at different points. Fust we 
have the boulder bed, denoting the presence at no great distance of rocky hills with 
rapid torrents descending from them ; then the white sandstones, showing that the 
hills were at a greater distance, though the occasional presence of strings and beds 
of large boulders, iinbcflded in the sandstone, shows that the area was not beyond 
the reach of torrents. After this the coal beds and shales, which were probably 
deposited on a flat plain, far removed from any hills, with frequent depressions or 
marshy .spaces in which an abundant vegetation gicw, and traversed by sluggish 
streams unable to move anything but the finest sand and silt. Lisily, the vvhole 
was submerged beneath the wafers of the sea, the sulfden alteration from shdes to 
limestone showing that the depression was rapid. 1 can hardly imagine a case in 
which the evidences of a rapid change of conclitions could be more clear. 

It would be waste of time to criticise seriously Mr. Luckstedds geological rea- 
soning, if it were not that Jts introduction into his reports gives them an air of 
plausibility, which might impose on those whose acquaintance waih geology is slight. 
To take one or two instances in which his reasoning might be modified by a little 
more study. He evidently thinks that a geological basin has some connection 
necessarily with the present configuration of the country, as where he .says ihat 
** the Bhaganwala field lies at the Sf>uth-we8t limit of a well-defined geological basin, 
of which ihe Salt-Range, the outer Himalayas, the Jhelum and the Indus form the 
boundaries." These mountains and rivers have nothing to do with the limits of the 
basin, which, as a matter of fact, extends far beyond them. Then, again, he sa}s^ 
“The (proving of the) existence of coal is a work of purely geological character 
. To search for coal among rocks the age of which was not known 
would of course be fruitless." Does he think that it was necessary that the age of 
the coal measures in Bengal, for instance, should be determined before the exist- 
ence of coal there was proved, or that three hundred years ago the geological age 
of the strata about Newcastle and Bristol, from which sea coal was sent to 
Lohdon, was known ? Or is it possible that he is labouring under the now ancient 
delusion that all coal seams are of one and the same geological age? Supposing, 
as might have been the casr, that non| of the coal scams in Bengal appeared 
anywhere at the surface, but that the geological age of the rocks bsi^d been ascer- 
tained by other evidence, that knowledge would of itself have prevented any search 
for coal being made in those rocks. * For at the time the Bengal colil-fieldg were 
being opened out, no other coal-bearing strata of that particular age were known. 
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The fact is that geology has nothing to do with the existence of coal at all. 
There be several millions of tons of coal lying beneath the plateau at Ara, but if 
it is not theie ; no “ mining axioms/' or geological reasoning, good or bad, will put it 
there. Its existence can only be proved by a rigorous search, and I have already 
stated my reasons for thinking that this search can best be carried out by means of 
borings or shafts. Mr. Luckstedt, assuming the existence of a 4-feet seam of coal 
over the whole area, thinks that borings will be of little use, and, of course, if that 
assumption were correct, there would be no object in making them, since the depth 
of the seam from the surface at any point could be calculated from the observed 
dips, in case it was required to sink shafts for mining purposes. 

Finally, supposing that the amount of coal obtainable from the mines at the 
eastern end of the field is even half only of what I have estimated above, it will take 
some 20 years, with a regular output of 2,odo tons a month, before it is all worked 
out; and the expenditure necessary to construct a branch line from Ilaranpur would 
^ be amply justified. In the meanwhile there is plenty of time to carry out a thorough 
search on the plateau, and if a large area of coal is found there, the output can be 
enormously increased, without fear of the coal-field becoming exhausted for many 
years to come. 


-4 

GEOLOGICAL SURVEY OF INDIA DEPARTMENT. 
TRWMONTHLY NOTES. 

No. l8. — FnDING 3IST J\NUASY 1394. 


Director's Office^ Calcutta, jist January rSg^. 

In November last, a slight modification of the di'^position li^tof the Staff became 
necessary owing to an urgent cJ’ Cor inspcc ur of the collieries m the Salt-Range 
an<i at Warora, where the percentage of accidei i was considered excessive. The 
newly-appointed Inspector of Mines for India not having then arrived, it was judged 
expedient to depute Dr. Noetling for this woik, he having had the necessary expe- 
rience at thin-bedded coal on the Continent, lie has reported since on the Dandot 
|ind Rhaganwalla Collieries, and is now at Warora. 

' 2. Mr. James Grundy, the Inspector of Mines, reported his arrival at Calcutta 

on the 14th December, and was placed with Director of the Geological Survey, 
through whom he communicates with the Government of India. After some 
necessary delay in arranging procedure an 1 interviewing the Calcutta Agerrts of 
iveral Mining Concerns, he left early in January, and entered on the examination 
ij^the Bengal coal mines. 

3. The Director proceeded ^ i tour^n Burma on the 28th of December, and 
returned to headquarters on the 31st of January. He visited the Thingadaw coal- 
field, and the auriferous tract of Wunlho. At the Thingadaw coal-field, which is 
worked at present by an incline colliery at Letkobin, the various coal outcrops were 
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examined under the guidance of Mr. T. H. Ward, the Agent and Manager. There arc 
two kinds of coal which appear to belong to two separate members of the Chindwin 
series, the lower and better coal occupying a rather restricted area at Letkobin and 
Kesobin, but the further extensions of this group will have to be explored by 
boring, primarily between those jrfaces and the Irrawaddi bank ; while it is not 
improbable but that larger areas of the same measures may be tapped over a con- 
siderable extent of this part of the Irrawaddi tract, though at some depth, as the 
country is opened up in the progress of coal development. At present, however, 
progress is considerably handicapped, if not on the eve of being retarded fora time, 
by the laying down of coal from Bengal in the Rangoon market, the present low 
price of which would undoubtedly be raised were the Burma development so 
restricted. In other w'ords, it would almost appear as if a ring had been formed in 
the Rangoon market to choke off the Burma output of coal, at a price which cannot 
for long be profitably kept so low as now rules. 

4. The Wuntho region is undoubtedly auriferous to a certain extent, having 
been worked by surface washings in a fitful manner for a long time past, but its 
development in any such productive way as has lately been prophesied, is entirely 
dependent on a more prominent occurrence of vein or reef matrix than has been 
met with so fat : the matrix exhibited up to the present lime being merely a sporadic 
occurrence of small and discontinuous stiings and narrow ledges of auriferous and 
pyritous quartz in which there is some free gold, among strongly and deeply weathered 
schists. Exploration and some prospecting have been made, but these arc still only 
in an initial stage : no large reefs are yet known, and the few indications of increase in 
the size of the veins met with point to a decrease in their gold-bearing aspect. 

5. Just at the close of the last three months, an enquiry which is full of promise 
of most interesting geological results is being taken up by the Survey in connection 
with the gigantic landslip which took place in Garhwal last September ; and Mr, 
Holland has been deputed for ftiis work. As yet there is only a demi-olTicial account 
of the occurrence from the Public Works Department of the North-West Provinces, 
but it is as well to record now what is known of it from the very interesting 
memorandum given by Colonel R. R. Pulford, R.E., Superintending Engineer 
2ud Circle, Provincial Works, Lucknow, who visited the scene of what he has 
designated as the ‘‘Gohna Slip."' 

6. It appears that the site of this debacle is up the valley of the Bihri Ganga, a 
uibutary of the Alaknanda, some 80 miles over mountain and valley, due north 
of Naini Tab The bed of the river is about 5,000 feet, and the hill on the right 
bank, from which the mass fell, has a height of about 9,000 feet above sea-leveb 
On the 22nd of September, a tremendous mass of rock material was detached, 
leaving an almost perpendicular section of hill face 4,000 feet high. The force of 
the fall carried the rocks and debris from the right bank, right acros9 the valley 
of the river and half-way up the steeply scarped hill on the left bank ; after 
which Uic mass settled down again in the river bed forming a dam with a big slope , 
up against the hill on the left lank ; the consequence being that thciip is now an 
appearance as if a portion of the dam had •been formed by a big slij> from the 
steeply scarped hill of this side of the valley also. Further slips which took place 
during heavy rain in October have piled up the dam on the right bankj against the 
hill on that side, so that the top of the dam has a large depression hi the centre 
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some 150 feet or more, between two sloping mounds of rocks and smaller debris. 
The dam itself is a very massive affair, being largely composed of enormous masses 
of rock, some of which are calculated to be more than a thousand tons in 
weight. There is, in addition, a very large admixture of smaller detritus and 
broken rock, and a thick layer of impalpable powder which gives the whole place 
the character of being covered with while clay dust, which Colonel Pulford likens 
to the country about Vesuvius after an eruption. The dam may be taken 
roughly to be 900 feet high, 2,000 feet broad at the top, and 1,100 feet at base along 
the valley, and 3,000 feet long at top, and 600 feet at bottom across the valley. 
The bed of the river slopes at about 250 feet in the mile ; and the depth of water 
jn the newly-formed lake on the 13th and 14th December was 450 feet, the water 
then rising at the rate of 8 inches a day, though the flow of water in the mountain 
rivers was then at its slackest. Colonel Pulford writes as follows, on the probable 
future rise of water and the ultimate condition of the dam 

“The present amount of water running into the lake is roughly about 260 cubic 
feet per second. During the winter rains there will be the addition due to a 12 
inches fall over 84 square miles, which is the area drained by the river above the dam- 
The increase due to the snow-melting may be pul at 2,120 cubic feet per second. 

“ Taking these several additional sources of supply into account, there seems 
every reason to suppose that the rise of water in the lake will be as follows 
“ Area of lake at present equals roughly i square mile— 

**(a) Rainfall of 12 inches over 84 square miles = 5,280® x i X84 cubic feet, 
which for one square mile of lake gives a rise of 84 feet, 

“(i) In addition to rainfall there will be rise due to the present rate of inflow 
of, say, 8 inches per day up to date of snow beginningto melt, say, ist April 
1894, Up to that da^e, therefore, the ri^e in lake due to ordinary inflow 
wnll be 8 inches x no days = 73 feet. Up to ist April 1894, therefore, 
the total rise will be 84 feet -f- 73 feet == 157 feet, leaving a margin 
of 350 — 157 = 193 feet from water-level to top of dam. Now the rate 
of rise due to snow-water influx will bo eight time's that due to the 
present ordinary flow of the riv^^r, since the floodmarks show that 
during snow-melting (as above ted) the river flow is 2,120 cubic 
feet per second, whilst present flow is 260 cubic feel per second. This, 
it is seen, gives a rise of 8 inches daily ; and hence the rise to snow- 
melting may be put at 8 X 8 inches = 64 inches, or as the area of the 
lake will be increasing and slopes of hillside arc about 35°, we may put 
this rise at 48 inches, or 4 feet per diem. Hence it will require 
days = 48 days after ist April 1894 for the lake water to rise to the 
lop of the dam. The date of this event mt.y therefore be placed at 
about the middle of May 1894. As to what will take place when the water 
passes over the dam, it is t.i.Lcalt to speak with any approach to 
certainty. The first rush of water will necessarily be very severe, and 
I think that at lea 250 fget or so of the dam at the top will gradually 
be carried away. After that it may possibly happen that the main 
portion of the dam will gel thoroughly jammed and consolidated 
together so as to form a permanent lake with a natural outfall over the 
big rocks forming the dam.’ 
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Colonel Pulford also adds an account of a previous occurrence of the like 
kind ; — 

'' A few years ago a very heavy flood was caused in the same river Birhi Ganga 
and Alaknunda by a heavy landslip falling into a lake which had been formed 
some 8 or 9 miles higher up the valley than the present slip. The lake was 
called Gudyar Tal, and had been in existence for many years ; probably it had 
been formed originally by a similar slip to the one at Gohna, The result of the 
heavy slip falling into the lake was that the entire basin was filled up and the water 
forced over the dam which held it up down into the bed of the stream. This 
occurred in 1869 during the rains, and the results were very disastrous. A large 
number of pilgrims and others were drowned, and the lower part of Srinagar Bazar 
was washed away, and the lower end of Nand Pryag bridge was washed away. In 
addition the bridge at Chamoli, wnich is la miles below Gohna, was destroyed. 
Many of the bridges now' up were not erected at the time of this heavy flood. 
They tell me that all trace of the former lake has been obliterated, and the channel 
IS now very much like the other watercourses near it.’* 


List of Assays and Examinations made in the Laboratory^ Geoh^ual 
Survey of India, during the months of November and December t^()j 
and January 


SuBSTAWCE. Fpr ^vlwm. 


Ue'T.uIt. 


One specimen of coke M. Macli-oo, Bcn^fal Coal Proximate anil>&«s with taloiilic power .'inJ 

Co., Ld., Calcutta. sulphur deter ini nation. 

One specimen o< quartz F. T. VernkR • • Assayed for gold, 

schist with iron pyrites. 

One specimen of chlorite Kildu RS & Co., Calcutta Analysed foi copper, 
schist with copper pyrites. 

One specimen of quartz H. C. Millfr, District As5a>ed for gold, 
with iron pyrites. Engineer, E. I. H., 

Howiah. 


One specimen of coal, from 
Japan. 


H. MacleoD, Bengal Coal Prozimato analysis with caloiihc power. 
Co., Ld., Calcutta. 


One specimen of coal, from MaiIarani Hara Sundri Proaimate analysis with calonTic power, 
the Ramnagar quarry, Davi, Searsule, Kajbati. 

Barakar. 


One S{fecimen of coir;e B\lmbr, Lawrib & Co., Assayed foi gold, 
river sand consisting Calcutta. 

chieHy cf quartz, spinel, 
gainet, magnetic iron, 
bits ot iiate, and mica. 

One specimen of quartz, A. Mbrvyn«Smith, Orient-] Assayed for gold, 
with lion pyrites, from al Prospecting Syndicate, 

the » Rees Kecf,” Pahar- Ld., Calcutta, 
diah. 
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List of Assays and Examinations made in the Laboratory^ Geological 
Survey of I ndia^ during the months of November and December i8gj 
and January contd. 


Substance. 

^ For whom. 

A specimen from the bed of 
the Atrai Kiver, Joyganj, 
Dinajpur District, suppos- 
ed to be peat. 

W. C. ^^ACPHERSON, 
i.C.S.,Orficiating Diiector. 
Department of Land 
Records and Agriculture, 
Bengal. 

One specimen of ** Blanket 
sanaV* *^**d one specimen 
of quartz with chlorite 
schist and iron pyrites, 
from Chota Nagiwre. 

A. Mervyn-Smith, Orient- 
al Prospecting Syndicate, 
Ld., ('alcutta. 

One specimen of coal 

Gtllandfrr, Arbuthnot, 
& Co., Calcutta. 

A specimen found in the 
(iaihwal District, sup- 
posed to be molybdenite 
or sternbcrgitc. 

W. R. PARTRtDr.R, I.C.S., 
Deputy Commissioner, 
Garhwal. 

A specimen of limon'te 
crystals from Chaibasa, 
sirpposed to be mangani- 
fcioi;s. 

A. W. Walker, Chaibasa, 
Singhhuin. 

A specimen “ from an old 
pit (in the transitions) 
Nawanagari, Sihaol 

Tahsil, Rewah State, 
close to rich iron -ores” 
for indication of any other 
n.etal. 

P. N. Bo.SE, Geological 
Survey of India. 

Two specimens for examina- 
tion. 

S. B, Boss, Geologist t. 
the Nepal Government, 
Nepal. 

A packet of " stones found 
in an old ruby mine near 
Pa pun, Salween District, 
Tenassenm,** for report. 

Harry L. Tilly, Secre- 
tary to the Financial 
Commissioner, Bmma. 

Specimens from the Karhar* 
bari coal-ficld, for exa- 
mination. 

W. Saise, Manager, F. I. 
K. Co.'s. Collieries, Kar- 
harbari, Giridib. 


Result. 


Quantity recei ved, rslb^. 
Moisture • . • 20*06 

Volatile^ matter, exclusive 
of moisture , • 30*16 

Fixed carbon • • 10*06 

Ash • . • . 39*72 


Does not cake. 

Ash, reddish brown. 

Assayed for gold. 


Proximate analysis with calorific power 
and sulphur determination. 

Carbonaceous shale (graphitic). 


Tested for manganese. 


Teslc^ for gold-— contains none. 


:= Iron pyrites, and artificial glass. 


Small fragments of spinels and garnets of 
kinds often found associated with rubies, 
and as often not so found. In themselves 
they indicate nothing of value. 

Karharbtiri Coal-field. 

Fine-grained olivine dr>lciite. 

Karharbati cmtl-field. Initusive Loiser 
Seam ~ ke No. 5 or Jogitand dyke of 
Hughes iVcmoirs. Geological Surrey of 
Ifuiia, VoL VJI, 209. 

Biotiie amphibole peridotitc. 

Soo ft. above main seam. 

Olivine dolerite. 

Eauigang coal-field. 

Calcareous and micaceous sandstone. 



38 Records of the Geological Survey of India. [VOL. XXVil* 

List of Assays and Examinations made in the Laboratory, Geological 
Survey of India, during the months of November and December iSqj 
and January contd. 


SUBSTWCE. 


Foi whom* 


Result* 


RatteeganJ Coal-field, 

Calcaieous and muaceous sandstone* 
RaneegatQ Coal-field, 

Quartz-schist with jffecn muscovite and 
eyes of talcite. 

j Rock from Bkal U%IL 

Consists of quartz and ftlspar crystals with 
small quantities of blown fHsitic, oi even 
gUssy matrix with rnicrohtes like the 
matrix of a ihyolite. I he quait7 crystals 
show distinct sign-s of secondary enlart'c- 
ment. the older j;rrains boingf full of 
bubbles and bands of inclusions. The 
rock appears to be a lelspatbic grit which 
has been paitiatly fustd. 

Raneeganj Coal-field, Raneega^tj A, senes, 
Balroot seam horiaon. 

Decomposed “mira-lrap^’ piobably 011- 
gmaliy mua'pciidotite. 

B. Intrusive tn Karharbari Lomr seam 

Decomposed “ mica-trap.’* 

C. Karharbari Coal-field, 

Slightly micaceous sandstone u ith angular 
quartz-crystali and ferruginous cement. 

D. Katharban Coal-field, Lower seam. 

Micaceous sandstone with angular quaitz 
crystals. 

E. Katharban Coal-field, 

Clay. 


Specimens of rocks fiom 
Bellary, 


R* Brucb Foote, late Geo- 
logical Survey of India. 


/?! the Pass south of Halakandi^ Bellary, 
Slide ugS. 

Epidiontc, approaching hoi nblendc schist. 
Actinolitir hornblende, quartz-felaparj 
mosaic and magnetite* S* G. 2*97. 


Kudatami, Bellary, 

,Sy t-2-86. Slide riQd, 

Olivine-augite^nstatite-biotite-a n 0 r t h i t e 
rock. 1 ne dusty maapietite present is a 
result of alu ration principally of olivine- 
serpentine also in sm^l ipiantities; other- 
wise the lock has ^ fresh appearance. 
Olivine in rounded Brains is tne oldest 
constituent ; plagioaasc- felspar (basic 
varieties) the youngoit ; the intermediate 
minerals are not so eistly determined. 
Enstatite, alightly plcocnroic. S. G« 
3*M* 
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List of Assays and Examinations made %n the Laboratory ^ Geological 
Survey of India, during the months of November and December i8gj 
and January rontd. 


SuObTANCE. 


Tor whom 


Result 


West of lekhalkotnt Bellary Taluq, 
13^12$^ Slide 1197* 

Grey rock approximating granite in com- 
position, but quartz and 'elspar crystals 
have been smashed into a schistose 
mosaic with production of hnc mylonitic 
sti ucture. S. G. 2 * 58 . 

riom a ** neckt* Dewurrvfruddu Id» 
Falls of Kti^tnat Ra\chur Deab, 

yJij 21-2-66 Slide itgS, 

Quartz and felspar in felsitic base, which 
has turned red by oxidation of the iron. 
S. G 2*52 

Black hill. West of Mash, Ratchur Doab, 
i 3-2-68, Slide 1199- 

Diontc with large porphyntic crystals of 
hornblende. Rock considerably altered 
with foimation of epidotc S 0.3*03, 

I filler ^outh of Manur, Biliary Taluq 

BOB 3-b8 SUdt 1200, 

Quartz dionte. Qu irtz in part secondary, 
crt*dr granules Kaohnized felspais some 
at least plagiotKse Green hornblende 
an^ a gri-cn pleochroic mica, sphene m 
considerable quantity. Iron ores as mag- 
netic grinules, S. O. 2 81, 

Ntar Yemmigamer, Bellary Taluqt 
' .0 J-8.? SUdt I2QI 

Quartz-dionte Felspars highly kaoliniztd. 
Fpidote in smill quantities Gicen 
I htinblende and a rhlontic mmtral , 

I magnetite practically absent. S. G. 2 85. 

South of Kurnool District, 

bVt 3o-ii-88, Slide IZ02, 

Granulitc with quartz, orthochse, plco- 
chroic mica, hornblende, sphene and 
plagioclasc. hinc-graincd gianulai, ir 
places ^idnitic m structure. S G. 2 67. 

Tornngil Hill, Hospett Taluq, Bellary, 

^^^6468. 

Hornblende gianite with porphjntic crystals 
I oithocldse S G. 271. 

I South of Ni^qunda, Ilarapananalli Taluq, 
I Biliary, 


P>roxcnite approaching cucntc. S. G. 
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List of Assays and Examinations made in the Laboratory^ Geohg cal 
Survey of India^ during the months of November and December /rfpj 
and January 


Substance. 


For whom 't Result. 


IVe^i of Halakandt^ Bellary, 

27‘I^6, Slidi 1207, 

Hornblende schist. 

Wesl by South of Yettan Budthal, Bel* 
lory, 

2 t-t'S6, Slide 120S, 

Epuliorite. Largfe crystals of green horn- 
blende in mirrogranular matrix of quartz 
and felspar with gianular sphene, (^) rutile 
magnetite and colouiless (:) augite. S. G. 
2 *(^ 8 . 

KarigattaHill, East of Serin gap atom Id , 
Mysore, 

fg. 15-2-87 Slide !2rr, 

Dioiite-fclsite felsitic base v ith porphyntic 
crystals ot plagioclase, hornblende (par- 
tiall) converted to epidote and chlorite), 
sphcnc and magnetite* S. G. 2 62, 

Rant Drug, Alur Taluk, Bellary, 

Jg. 21-1-87, Slide 1212, 

Hornblende-granitite with^sphene and pleo- 
chioic mica. S. G. 2*66. 

Verupur Hill, Bellary Taluq, 
ygg. 13-^3-87, Slide 1213 , 

Augitc-syenite, Augites gieen and slightly 
pleochroic with green hornblende Con- 
sidei^le quantities of plagioJasc 
amongst the smaller crystals, hence ap- 
proaches a dionte. b. G. 281. 

Close to road bciween Permadavanknllt 
Bungalow and Joladarathi, Bellary 
laluq 

Ifg and 30 -II-S 6 , Slides t2to,r22r ,1222 
Blotchy dionte,'’ Highly decomposed 
porphyntic dioritc in which tpidote, 
calcitc, chlorite, kaolin and quaitz have 
been formed as secondary mineials. 

S. G. of Jg » 3-02, S.G of - 279. 

Specific gravity necessarily \ai table in 
different specimens. 

Mudtkalper^a, South East Valley, Sandur, 
BcUary, 

20 3 - 86 , Slide 1 210, 

Decc a posed aphanite. S. G. 3*01 

South of Nilguniia, Harapanahalli^ Taluq 
Bellary, 

bIt- *7-i2-8g. Slide 1233, 

Pyrozenite, approaching eucrita. 
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List of Assays and Examinaitons made in the Laboratory ^ Geological 
Survey of India, during the months of November and December 
and January contd. 



Rorks from the Khojak C. L CRfFSBACH* Gco^ A — Mam mass of Ranee north of the 
Range logical burve> of India* Gwajaha (hfitOf ^outh'^hast of hhwaja 

Amt an 


j Granitic in structure. 8 G. 3 64. 

Composed of orth tclase much kaoliniced 
and often in form of mtcroclme Quarta 
fiequently intci grown with the orthoc la&e 
forming impeilcct micro graphic «;triicture. 
Plagtoclasc felspars, often zoned by 
successive giowths of increasing acidity 
Btoixto in small crystals generally as 
nest like aggregates. Magnetite gpneially 
with the biotitc. Sphene vciy raie 
Minerals given in order of appioxiinate 
proportions The rock ma> be named 
Biotiie Granite approaching granitile ^ ^ 
Granitile ot Roscnbusch). 

B — Near boundary btiwet n A and ** 2 rap 
lelt,** Gwa;aha defile^ soutn nest of tin, 
Khtoaja Am*an, 

Granitic or micro granitic in slruclure, 
beautifully micro graphic in places S 
G 26^ 

The rock approaches A in composition, but 
IS shchtly more basu and contains less 
potash-felspir Riolitcis pi c^( nl in laigc r 
citiantities, but still in small bunches md in 
tnc plagioclase rrjsp’^'*, granules of epuJote 
have been developid in considerable quan 
tity from the kaobnized filspir Magnetise 
is also present and moie rarcl> sphene A 
rock with this mineral composition and 
structure might occur as a dykHike exten- 
sion from a mam mass like A <-Gianitite 
appioaehing quarlz'dionte. 

C — Ntar South^Wfsi end of the ridee of A . 
Gnajaha defile, South-West of khuaja 
Amran 

Granitic to micro granitic in struct uie, and 
(x:casionally micro graphic S G 2 72, 
More basic than D. with more plentiful 
development c^f biotite and plagiodase. 
Apatite IS present also m large numbers of 
minute aciculai eiystals. Granular mag- 
netite and sphene more abundant The 
quartz often In micro-graphic intergrowths 
with the felspar FUgioclasc almost in- 
variably zoned, the cores of more basic ma- 
' tcnal bring generaitjp kaolmtzed. Rock 
■s^Quartz biotite dion^. 

On^From main mass ^ *' Trap-belt ** near 
C. Giaagzhtt defile, 

[Granitic in structure approaching grao* 
ulitic. S G 289. 
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List of Assays and Examinatiens made in the Laboratory^ Geological 
Survey of India ^ during the months of November and December iSgj 
and January 'contcl. 
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List of Assays and Examinations made in the Laboratory, Geological 
Survey of Indta, during the months of November and December i8qj 
and January /<yp/— contd. 


SU8ST\NCF. 


For whom. 


Result. 


H^^From tkf tnanftn of Trttp4>tlt^** 
Gwajeha defile^ 

A brecriatecl and crushed micro^ianitic rock 
approaching' A in composition but very 
much iroie hncl> giained f'errueinoui 
material cementing the fragments. Cracks 
pioduced Ai/fcc brecciation and cementa- 
tion have been in-hlltd with calcite. 

/ ’^From ntarfftn of *' Trap^belt, Gwmj- 
aha d 

Dionte containing patches of fine-grained 
rock like those in L bpidote occurs in 
small quantity. Ihe rock seems identic il 
with F, and it must have been in this rock 
that the epidote of F was pioduccd 

/ — Margin of “ Trap belt ” and Cwajeha 
pass 

Gramilir aggregate of plagircliso, (^) or- 
Ihoc lase» q i ii iz, magnetite and a dtf om- 
posed ft-rro magnesian silicate, piobably 
Diotitc. Origin of rock doubtful, probably 
igneous. 

K ’^From margin of ** Trap btli,*' Cwaj- 
aha defile 

Finely laminated and decomposed rock, 
possibly orginall> similar to L. 

M ^From margin of ** Trap-belt f* Gvtaj- 
aha defile 

Foliated variety of D, T, or I, Now in the 
foim of a hornblende-schist 

N '-‘From gntr beds North Fast margin to 
the Khvioja Amran mattS of igneous 
rocks* 

A composite grit in which the grams are 
cemented and available crevices in filled 
with calcite Grains imperfectly rounded , 
many of them seem, however, to have 
been attacked by the infiltrated carbonate 
of lime, oi to have been deformed by pres- 
sure. Ihe mmeials and rocks are of 
comparatively low speciRc gravity — ^avera- 
ging about 3 65, and ts^Iati^ fragments of 
heavy minerals afe absent. Quartz frag- 
ments with bands of inclusions like those 
of plutomc rocks are common and might 
of course have been derived from any 
granite or quartz hearing crystalline rock. 
Fragments of plagiodase, orlhoclase, 
felspar occur as ^ilatod grain** , but most 
of the felspar 0ccur os conshtuents of 
rock fragments, h lakes of biotite are 
mostly changed tn part to chlorite. 
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List of Assays and Examinations made in the Laboratory^ Geological 
Survey of India, durm^the months of November and December idgj 
and fanuaty 18^4 -contd 


SUBSTANCk. 


Foi whom. 


Result. 


Of the rock fragments there are fairly fresh 
«»pecimens of a rh>olite with bipyramidal 
and corroded quartz crystal, a consider- 
able amount of plagioclase amongst the 
felspathic ronstitiients, and colourless and 
coloured mica in a felsitic or vitreous 
matrix showing distinct flow-structures 
and imperfect spheralitic and axiolitic 
Bfi^^i^cgations of miciolitcs. A rock of this 
type might very well be a volcanic repre- 
I sentative of the granitita A 1 here are 

I also fragments^ of andesites, bits of 

diorites with similar developments of 
spidote, rare pieces of granophyre (raicrn- 
graphic intergrowths of quartz and 
felspar) ; but nothing distinctly basic tn 
character; in fact the grit seems com- 
posed of fragments of the rocks A to M, 

1 together with pieces of volcanic origin, 
possibly representative of that nes. 

0» — From the volcanic sint-icds Norths 
Fast of the Khwaja Amran mass 

1 The fragments are sub-angular to rounded 
aa in the former case, but although 
calcite is again present in infilling cracks, 
the ctmcnting material is much more 
ferruginous in character and some of the 
. granules appear to be feiruginous cKy 

with ^cracks infilled with calcice like 
' minute septanan nodules. Whilst granules 

I of quJt-tz are present in this grit it is 

1 by no means so plentiful is in the case of 

. • N, and the rock granules are moreover 

I I almost wholly of the diontic s<“rics with con- 

I «;id»*rable display of epidote The aver- 

I age specific graiity it the fiagmonts is 

I 71, and thus as might be expected heavier 
an those of N« Some ot these are dis- 
I inctly foliated. 

j P. — From the shalcy portion of the f^rit^ 

bed\ Ntrth’East ptn’twn of the Khsaaja 
' Amran mass. 

Compact mass of calcareous clay with 
minute quartz grains. 

Q , — Nunimulitic limestone dose to the 
lase of**Ko]ak ** stuiUs, near Spintitha, 

(Not further examined). 

X —From the '^trapfioid beds tn the 
I Chihiltan range. West of Quetta, 

Small < igments of quartz, quart7ite, and 
intet mediate igneous rocks (diontes and 
andesites) ; limestone and mica-platrs aic 
cemented with argillaceous material 
Cracks are hlled with calcite which lias 
inhltratcd into all available crevices. 
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Notifications by the Governmeut of India during the months of November 
and December 189;^ and yanuary J8p4, published in the Gazette 
of India/^ Part If. — Leave. 


Department. 

i 

No. of order 
and date. 

Name of officer. 

Nature of 
leave. 

With effect 
from 

Ditc of 
leturn. 

Remarks. 

Revenue and Agfri- 
cultural Depart* 
ment. 

No. 

24th Novem- 
ber 1893. 

W. B. D. Edwards 
Asfifitant Super- 
intendent, Geo- 
logical Survey. 

Furlough 
on Medi- 
c d Cei ti- 
hcate. 

4th Nov- 
ember 

... 

I 


Annual increments to graded officers sanctioned by the Goziernment of 
India during November and December and January 1894. 


Name of Officer. 

From 

To 

Wilh efteeV 

from 

1 

No. and date 
of sanction. 

Remarks. 

Dr. F. Noctling, Palaeontolo- 
gist, Geological Survey. 

700 

1 

750 

istOitober 

1893 

Revenue and Agi i 
cultuial Dap.'iit- 

tnent No. , 

dattd Mil Nov- 
cmbei 1S93. 


C. S. Middlemiss, Deputy 
Superintendeat, Geological 
Survey. 

660 

f 

• 

i 

700 

i«t November 

Revenue and Agri- 
cultural Dcpait- 

. . . 30 

ment No. , 

317 * 

dated 22nd Nov- 
embei 1S9}. 



Notifications by the Government of India dufing the months of November 
and December iSg^ and January 18^4^ published in the “ Gazette of 
India,” Part Appointment^ Confirmation^ Promotion^ Reversion 
and Retirement . 


Department. 

No. of 
order and 
date. 

Name of 
Ofticcr. 

From 

To 

Nature of 
.'ippoint* 
ment, etc. 

With 

ctTcct 

from 

Revenue and 
Agricultural 
Department. 

dated 12th 

January 

1894. 

Di. 11. 
Worth. 

OfBciating 
Superintend- 
ent, Gov- 4 
ernment 
Ctntial 
Museum, 
Madras. 

Deputy Su- 
perintend- 
ent, Geolo- 
gical Sur- 
vey. 

Substantive, 

permaoc|t. 

1 — =r. „-=r.T7.a7-.^ 

4th De- 
cember 
1893 
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Postal and Telegraphic Addresses of Officers, 


Name of OIBcer. 

Postal address. 


Nearest Telegraph OiBce. 

T. W. H. Hughes . 

• • 


* 

On furlough. 




C. L. Criesbach 

• • 



Loralai 

• 

• 

Lot ildi. 

R.D. Oldham 

• • 



On furlough. 




P, N. B 08 F • • 

• % 



Rewa . 

• 


Rewa. 

T. 11. D LaTouche 

• t 



Sukkur 

• 


Sukkur. 

C. S. Middlcmibs . 

« • 



J liar pet 


* 

Jalarpet. 

W. B, D. Edwards 




On fui lough. 




P. N. Datta . 




Bhandara 



Bhandara. 

F.H. Smith . 

• • 



1 

Hirnai • 



Harnai. 

F, Noetlinq . 

• • 



Calcutta t 

• 


Cah utta. 

IllRA LaL 

• « 


• 

Calcutta 

p 


Calcutta. 

KI8H1<N SlNQH 

« • 


• 

Uabar Kach 



Babar Kach. 
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Donations to the Museum. 


DONATIONS TO THE MUSEUM. 

From ist November 1893 to 31ST January 1894. 

A small specimen of quartz, from the Elephant Rocks, Shevaroy Hills, Salem Districti 
Madras. 

Presented by the Djstrict Forest Oieicer, Salem. 

A block of steatite, from the Marble Rocks, Jubbulpore; and another from Kanhcri 
Village, Bhandara District, Central Provinces. 

Presented by the Officiating hlEroRi'ER, Economic Prodlxts to the 
Government of India. 

Hercyr.ltc, in small fragments, from Chmnamalai. Erode Taluk, Coimbatore District. 
Presented bv H. Warth, OEIK;IATI^ SurcRiNTENOENT, Government 
Central Museum, Madras, 

A cut specimen of fine-grained sandy shale, and two of fine-grained sandstones, from 
Indrajurba, near the Damuda River, Hazaribagh District, 

Presented by N. Belletty. 

Two large pieces of Columbiic ; a large block shewing juncticn of very coarse mica 
granite wiih mica schist ; and decomposed iron ore, from the Dattoo Mines, Panna- 
nore Hill, Nawadih, East Indian Railway. 

Presented by H. H. French. 

A specimen of quartz, with iron pyrites and gv*ld, fiom the Rees Reef.” Pahardiah. 
Chota Nagpore 

Presented by T. F. V'tRNER. 

Large specimens of Pumice, from Caidanium Island, Laccadives. 

Presented by Surgron-Caetain A. \V Alcock. M.B. 


ADDITIONS TO THF I IBRARY. 

From ist October to 31ST DEfcMUEK 

Titles of Books* Donors. 

Aguilera, Joss G., and Ordonez, Eiequie. -Dates para la Gcologia dc Mexico. 

8° Pam. Tacubaya, 1893. Thl Authors. 

Blackenhorn, Dr. Max. — Beitiage ziir Geologic S\ricns die Entvvicktiung des 
Kreldcsvstcms in Mittel-und Nord-Sjricn. 4^' Cassel, 1890. 

Boyd, R. N . — Coal Pits and Pitmen. 8*^ London, 1S92. 

Bronn's Klassen und Ordnungen des Thier-Rcichs. Band III, licf. 3-6 ami Supple- 
ment lief. I ; Band VI, Abth. IV, lief. 46-49, and Abth. V, lieh 40.41. 
8° Leipzig, 1893. 

Casarieoo, Dm Enrique Abella K.— Descripcion Fisica, Geolugica y mincra* en 
Bosquejo dc la Isla de Piiiiay. 8° Manila, i8yo. The Aui hor. 

Cooke, Josiah P.— Elements of Chemical^Physics. London, iSSO. 

CoTTEAU, Peron and Gaut. ^r. — Echinidcs Fossiles de L’Algcrie. Fasc, o-d 
4® Paris, 1880-1883. 

Dall^ William Healey * — Republication of Conrad's Fossils of the Media! Tcit>aiy 
of the United States. 8^^ Philadelphia. 1893. 

I 
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TitUs of Books. Donor s,, 

Dana, J. D . — The System of Mineralogy# Cth Edition. 8® London, iSpi* 

Daubrbb, a . — Application de la M^thode experimentale au Role Possible des Ca* 
Souterrains dans L' Histoire des Montagnes Volcaniques, 8^ Pain. 
Paris, 1892. 

Ethbridob, /PtfAL'—Fossils of the British Islands, Vol. 1 . Palaeozoic. 4® Oxford 
1888. 

Gardner, y. 5 .^ Iron work from the cailiest times to the end of the Mediaeval period* 
8° London, 1803. 

Geiris, Fragments of Earth Lore. 8® Edinburgh, 1S93. 

Geikie, Sir ArchtbnlJ.^Ttxt Book of Geology. 3rd Edition. 8® J.ondon, 1893. 

Hoernes, Dr. ~Erdbebenkunde. S'* Leipzig, iSgj. 

Kayssr, Dr. Emanuel. — Lehrbuch dcr Geologic. Part 2. 8® Stuttgart, 1^93. 

Loswjnson — Lessino, F. — Tables for the determination of the Rock Forming Minerals. 
8® London, 1H93, 

Lukgb. Georgo — A Theoretical and Practical Treaj^ise on the Manufacture of Sulphu- 
ric Acid and Alkali, with the Collateral Branches. Vols, I- 111 . 

8“ London, 1891. 

Martin, K . — Bericht uber Eine Reise Nach N’cderUndisch West-Indien und Darauf 
Gegrundete Studien. Vol^. I 8c II. 8® Leiden, 1887-1888. 

„ Niederloendische und Nordwestdcutsche Sedimentccrgcschii be Ihrc Ue- 

bereinatimmung Gemcir)i>-cliaftlicbe Herkunft und Petrefacten. 8^ 
Leiden, 1S78. 

Milne, John . — Earthquakes and other Earth Movements. 3rd Edition. 8° London, 
1893. 

Murray, J. A. //. — A new English Dictionary on hisloncal principles. Part VII, 

4® Oxford, 1893. 

Musehketoff, W . — A Geological and Orographical description of Turkestan. 8® 

St. Petersburg,*! 886. 

Peters, E,D — Modern Amer.c^n Methods of Copper Smelting. 5ih Edition. 8® New 
York, 1892. 

Philippson, Dr, A . — Der Peloponnes. Abth. I & II. 8® Berlin, i89l-*892. 

PosEvviTZ, Dr. Th^'oior. — Borneo. 8® Berlin, 1889, 

Reyer, Dr. E. — 1 heoretische Geologic. 8® Stuttgart, 

UoMANOFSKY. — Notcs OH the Geology Cif Tuikestan. Vols II 8c 111 . 4® St. Petersburg, 

1884 & tSoo. 

Sawyer, A. R — .Miscellaneous Accidents in Mines, b® Lf ndnn, i88y. 

Scott, Alexander . — An Introduction to Chemical Thcor}, 8® London, 188O. 

'Ihorpe, 7 '. E. — A Dictionary of Applied Chemistry. Vol. IIL 8® London, 1893. 

Williams, W. M . — '1 he Chemist! \ of Iron and Steel-making and their practical uses, 

8® London, 1890. 

ZiTTBL, Kail A — Handbuch der Palteontologie. Band IV, Abth. I, lief. 2. 8® Munchen, 
1893. 


PERIODICALS, SERIALS, Etc. 

American Geologist. Vol. XI, Aos 4-6, and 5 cn, Nos. 1-2. 8® Minneapolis, 1893. 
American Journal of Science. Vol. XLVI, Nos. 273-275. 8® New Hav^n, 1893. 

American Naturalist. Vol. XXVII, Nos. 320-322. 8° Philadelphia, i89|. 

Annalen der Physik und Chemie, Ncuc Folgc, Band L, heft. 2-3. 8° L^pzig, 1893. 





Additions to the Lihyury. 


Part i ] 

TilUs of Books 

A finales de Geologic et de Pal^ontologie. 4® Palerme, 18(^3. 

Annals and Magazine of Natural History. Vol Xll, Nos. 70-72. 8° London, 1893. 
Alhenieum. Nos. 343S'34So. t 4*^ London, 1893. 

Beiblatler zu den Annalen der Physik und Chemie. Band XVII, Nos. 8-10. 8° Leipzig. 

1893. 

Chemical News. Vol. LXVIll, Nos. 1764*1776. 4° London, 189^. 

Colliery Guardian. Vol. LXVI, Nos. 1707-1719. Fol. London, 1893. 

Geological Magazine. New Series, Decade !IL, Vol. X, Nos. 9-12. 8° London, 1893. 
Indian Engineering. Vol. XIV, No.s. 13-26, Fisc, Calcutta. 1893. Pat. Doyle. 
Industries and Iron. Vol. XV, Nos. 1079-1091. 4° London, 1893. 

Journal of Geology. Vol. I, Nos. 1-4. 8 ° Chicago, 1893. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. Vol. 

XXX VI, Nos. 221-223. 8° London, 1893, 

Mining Journal. Vol. LX 11 1, Nos. 3029-3041. Fol. London, 1893, 

Natural Science. Vol. 11, No. 15 to. 1 1 1, No. 19. London, 1893. 

Nature. Vol. XLVJII. No. 1246 to XLIX. No. 1258. 4° London, 1893. 

Ncues Jahrbuch fur Mineralogie,GeoIogie und Palaeontologie. Band II, heft, 2-3. 8® 
Stuttgart, 1893. 

Oil and Colourmnn s Journal. Vol. XIV, Nos* 158-160. 4® London, 1893. 

Petermann's Geographischer Mitthcilungen. Band XXXIX, Nos, g-ii. 4® Gotha, 
1893. The Edit or. 

Scientific American. Vol. LXIX, Nos. 10-22. Fol. New York, 1893. 

^c.^ntific Auierican. Supplement. Vol. XXXVI, Nos, 922-934. Fol. New York, 1893. 
The Indian Engineer, Vol. XVII, No. 337 to XVIII, No. 350. 4® Calcutta, 189?, 

J. MacIntyre, 

The Pioneer. Nevv Series, isl Edition, October to December 1893. Fol. Allahabad, 

% 

ZLMls».hrift fur Krystallographie und Minerologie, By P^ Groth. Band XXII, heft. 2-3* 
8® Leipzig, 1893. 


GOVERNMENT SELECTIONS, REPORTS, Etc. 

Bengal. — Report on the Agriculture of the Di* ^ ri of Cuttack. Else Calcutta, 1893. 

Bengal Government. 

Bombay. — Brief Sketch of the Meteorology of the Bombay Presidency for 1892-93. 
Fisc. Bombay, 1893. 

Meteorological Reporter to Bomtiay Government. 
„ Selections from the Records of the Bombay Government New Series, Nos. 

271-272. Fisc. Bombay, 1B93. Bombay Government, 

India.— Census of India, 1891. Report on the C\.nsus of Coorg, and Vols XIU— XV 
containing Report on the Census of Madras, with TaLles. Fisc. Calcutta^ 1893. 

Rz'^t^.uE AND Agricultural Department. 
,, History of Services of Officers holding gazetted appointments in the Home, 
Foreign, Rcve*^ue and •Agncultur^i , and Legislative Depaitments, 
corrected to is* July 1893. 8® Calcutta, 1893. 

Government qv India. 
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of Books Donors. 

IKDIA — List of Officeis in the Survey and other Scientific and Minor DcparlinciUs sub- 
ordinate to the Go\ernmcnt of India m the Revenue and Agricultural 
Department, corietttd to ist luly 1893 8° Calcutta, 1893 

Government of India. 

„ Qnait<.rl\ InJian Arm> List New Scries^ No 17 8® Calcutta, 189^ 

Government of lNnt\ 

„ Sclocti^ns trom the Rlc lids of tliL Government of India, Foreign Depiitment. 

Nos -37, 30. 6^ 70. ind 10^; 301 and 303—304 8® hlsc Cal- 

cutta, T*^ 9, 1&61, iSOj, 1870, 1873, and 1893 

GOVfRNMEVT OP IWDIA 

„ Seleetions from the Records of the Cioverninent of India, Public VVotks Depart- 
ment. Nos 251 — 2=^3, and 264. Fisc Calcutta, i8Sy-i8go 

Government of India 

„ Indian MttcorclOt^ical Memoirs Vol IV, part 8, and V, pi 3 4® Calcutta, 

1893 

M irPOROl OOU AL ReIORTER to GoVLRNMtNT 01 INDIA 
, Monthlv Weather Ri view foi \lr> to |uly 1893 4® Cilcutts, 1893 

Mu 1* OROI OOICVE RpPORTtrt TO GOVUINMENT OI InDJA 
„ Register of Original Obsirvitions, reduced and concettd, May to ]uly 1893, 
4® Calcutta, 189^ 

M ETLOROLOOU AJL REPORTER iO GOVERNMENT 01 * InDIA. 


TRANS \CT 10 NS, PROCEEDINGS, LlC. 01 SOCIM IFS, SURVEYS, FI C . 

Datavia — D agh-Register gchunden ml Listed Batavia vant pisserende daei 

plTctse als gehecl Nedeilindls India Anno ^64 V in ] A 
Van Der Chij^ b® Hatav i, 1893 Bvi wnv Soetpiv 

„ Notiilen van het Rativisasch Gcnoilschip vm Kunsten cn Wcli nschappen 
Deel \WI Afl 2 8® B it imt, ^ Bat* vi \n Soi ii 1 y 

„ rijdschrift \oor Indische I a<il- Land-t n VolkMiUunde Decl XXKVl, Afl 
6 8® Batasia, 1^93 IUtavivn Sof ii* fy 

Berlin — [ahrbuch der Kuniglich Pieussistlitn fitologisi htn I indi sanstalt und Berga- 
kadLmic v\ Berlin fur 1891 Band Xil 8® Berlin, 1893 

I Hr Institu tf 

„ Sitzungsbenchtc d<r Kunic*hch Prcns'^ist hen Akadcmie der Wisscnschatlen 
zu Berlin Nos 1 — 24 8° UeiJin, 1893 Tup Acadfmy 

„ Vcrhandlungen der GcstllsehTft fu» ErdkunJi zii Berlin Band I — XIX, an! 
XX, Nos 1-7 S® Bulin, ibyS 1 

y, Ztitschr ft del chen GtoIogij( I 1 Gr^el) thdt Band XLV, heft 2 8® 
Berlin, (jir i\\ Geological Society 

Bom bTay —J ournal c f ♦he B mba> NTiural H story "^ucuty Vol Vlll, No 2 8° 

Bom' 18 ^3 The Society 

Boston, — Pioctiflin; of thf ^rncicTn Academ* of Ail*' ind ScitncoB New Senes, 
Xl\ B1I01, i’“03* The Academy 

Lrisbane — *Vf » tibi i»s an(? I ui ic’tcnsilili tju f nd uia Br inch of ihcRoyilGeo- 
grap]^ cil Soeiit> 1 * vi t4u N \ HI b® Brisbane, 1893 

Thf Soc iet y 
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BRisoAbfR. — Proceedings of Ihc Royal Society of Queensland. Vol. IX. 8^ Brisbane, 
1893. The Society. 

Brussels.— Bulletin de la Socidt6 Royale Beige de Geographic. Annee XVII, Nos. 

1-3. 8® Firuxelles, 1893. The Society. 

„ Annales de la Socidte Royale Malacologique dc Belgique. Tome XV, fasc. 

II, and Tome XXVI. S'’ Bruxelles, 1893 The Sociri v. 

„ Proccs-V'erbaux dcs S< 5 anccs de la Soci6t6 Rnyalc Malacologiqiic de BeU 

jrique. Tome XX, pages and XXI, pages 1-66. 8® liruxclles, 

1891-1892. The Society. 

Budapest.— Gcologischc Mitthcilungrn Zu'tschiift dcr Llngarischen Gculogischcn 
Gesellsthaft. Band XXII, Nos. i-io. 8° Budapest, 1892. 

IluNCARUN Geological Insiitutg. 

„ Jahresbericht der Kdniglich Ungar Gculogischcn Anstalt fi r 1890. 8® 

Budapest, 1892. Hungarian Glological Insiitute. 

„ Mittheiliingcn aus dem jahrburhe der Kuniglich Ungarischen Anstalt. 

Band X, heft. 1*2. 8® Budapest, 1893. 

Hungarian Geological Ins'iitute. 

Caen.— Bulletin de la Socidt^ I.innccnnede Normandie. 4th Series, Vol. VII, fasc. i-z, 

8 Caen, 1893, The Society. 

Calcutta.— Journal of the Asiatic Society of Bengal. New Series, Vol. LXII, Part I 
No. 3, and Part II, No. 3. 8® Calcutta, 1893. 'Ihe Society* 

„ Proceedings of the Asiatic Society of Bengal. Nos 8—9. 8® Calcutta, 
*^^ 3 - The Society. 

„ Proceedings and Journal of the Agricultural and Horticultural Society of 
India for July to September 1893. 8® Calcutta. 1893. 

Thf Society. 

„ Survey of India Oepartment Notes for September and October 1S93. 

Fisc. Calcutta, 1S93. Survey of India Department. 

Camuridgf, Ma.s.s. — Bulletin of the Museum of Comparative Zoology. Vol XVI, 
No. 14; XXIV, No. 7; and XXV, No i. S'’ (amhndge, Mass, 
1893. The Mtjsitum. 

,, Memoirs of the Museum Comparative Zc»ology. Vol. XIV, 

No. 3. 4® Cambridge, Mass, 1.93. The Mcsfum 

Memoirs of the American Academy of Arts and Sciences. Vol, 
XII, No 1. 8° Cambridge, Mass, 1893. The Academy. 

Cassel. — Bericht dcs Verelns fur Naturkundexu Kassel. No. 3S, 8° Kassel, 1892. 

Th e Society. 

Cincinnati. — Journal of the Cincinnati Soucty of Natural History. Vol. X\', Nos. 3-4, 
and XVI, No. i. 8° Cincmnan, 1893. The Society. 

Duon. — Mcmoircs dc L’ Academic dcs Sciences, Arts, ct Belles-Lettres de IHjon 
4th Series, Tome. Ill, S I89^ The Ac\demy. 

Dresden.— Sitzungsbcrichtc und Ahhandlungen d r Naturvissenschafillchen Ge- 
sell-schaft Isi^ ’n DreseJen. Jahig, 1893. January to June. 8® 
Dresden, 1893. Society. 

Dublin.— Pi oceedings of the Royal Irish Academy, 3rd Series, Vol. il. Nos. 4-5. 8° 

Dublin, 1893. The Academy. 
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of Books Donors. 

Dublin. — Report of the Director of the Science and Art Museum, Dublin, on the 
Museum of the Ro}ai Botanic Gardens and Metropolitan School of 
Art for 1892* 8^ Dublin, 1893. Fhb Museum 

„ The Mineralogical, Geological and Palaeontological collections in the 
Science and Art Museum, Dublin. 8° Dublin, 1893 

The Muspum 

Edinburgh — Scottish Geographical Magazine VoL IX, Nos 9 — ii. 8® Edinburgh, 
1893. Scottish Geographical Society 

„ Transactions of the Edinburgh Geological Society Vol VI, pt 5. 8® 

Edinburgh, 1893 The SociFTV. 

G6TTINGBN — Nachnehten von der Koiniglichen Gesellschaft der Wissenchaften. 

Nos 11—14- 8® Gottingen, 1893. The So< iety. 

Halls — Abhandlungen der Naturforschenden Gesellschaft zu Halle Band XVII, 
heft 3*4, and XVIII, heft, i 8® Halle, 1893 The Society. 

„ Bencht uber die Sitzungen dtr Naturforschenden Gesellschaft zu Halle in den 
Jahre, iSSb-iSQi 8® Halle, 1893. The Society. 

Hamilton — Journal and Proceedings of the Hamilton Association for Session 1892-93, 
No. IX 8® Hamilton, 1893 1 hf Association 

Lausanne —Bulletin de la Soci 4 i 4 Vaudase des Sciences Naturelles 3™* sene, VnU 
XXIX, Nos iio-iii. 8® Lausanne, 1893 The Society 

Leipzig — Benchte der Naturforschenden Gesellschaft Band VII, heft. 1-2. 8*^ 

Leip7ig, i8q3 The Socifty 

Li^GB — Annales de la Socictc Geologique de Belgique fomc XIX, livr, 3, and XX 
livr. I. 8® Lifege, 1893 I hf So( iet \ . 

I ONDON.— Journal of the Chemical Society Nos 370 and 372 8® T ondon, 1893 

„ Journal of the Iron afid Steel Institute Vol XL III, No 1, md I ol Mem- 
bers for 189 J 8® I ondon, 1893 ThfInsiitutl 

„ Journal of the 1 innein Society Zoolog>, Vol XX IV. T’js 152-154, and 
Botany, XXIX, Nos 202—304. With list of hellows f c r 1B92-93 
8® London, 1893. 1 he Socifty 

„ Transactions of the Linnean Society of London 2nd Scries, RotTnv, Vol HI 
part 8 , and Zoology, Vol V, parts 8-10. With list of bellows fui 
1892-93 4® I ondon, 1893 Thf Socilt\ 

„ Journal of the Society of Arts Vol XLI, No 2129 lo Vol XI II. No 
2142 8® I ondon, 1893. The Societ y 

„ Mineralogical Magazine and Journal of the Mineralogical Society Vol X, 
No 46. 8® L ondon, 1893 

„ Philosophical Transactions of the Royal Society of London Vol 183, A 
and B. With I ist of Fellows- 4® London, 1893 The Society 

„ Proceedings of the Royal Society, London, Vol LI I, Nos 320—325 8 

‘ London, 1893 The Society 

, Quarterly Journal of the Geological Society. Vol XLIX, No 196, and 
List of Fellows on ist November 1893, 8" London, 1893- 

The Society 

„ Supplementary Papers of the Royal Geographical Society of London. 

Vols I, II, III, pt* 1-4, and IV 8® London, 1886, I889, 1890, 1892 
and 1893 The Society 
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Titles of Books, Donors, 

Lowdon.— T he Geographical Journal. Vol. II, Nos. 3 — 5. 8® London, 1893, 

Royal Geographical Society. 
„ Proceedings of the Zoological Society of London. Parts 2-3, 8° London, 

1893. The Society. 

„ Transactions of the Zoological Society of London. Vol. XIII, No. 7. 

4® London, 1893. The Society. 

Lyon.— Archives du Museum d'Histoirc Naturelle de Lyon. Tome V. 8® Lyon, 

1892. The Museum. 
Madrid. — Boletin de la Sociedad Geografica de Madrid. Tome XXXV, Nos. 1—3. 

8®|Madrid, 1893. The Society. 

Manchester. — Memoirs and Proceedings of the Manchester Literary and Philosophi* 
cal Society. 4th Series, Vol. VII, Nos. 2—3. 8® Manchester, 1893. 

Th b Society. 

„ Transactions of the Manchester Geological Society. Vol, XXII, 

part 12. 8° Manchester, 1893. The Society. 

Melbourne. — Special Reports of the Department of Mines, Victoria, being Notes on 
samples of rock collected in the 180 Mine«^ at Bendigo. Fisc. Melbourne, 

1893. Deparimevt op Mines, Victoria. 

„ Special Reports of the Department of Mines, Victoria, on the Victorian 

Coal-Fields. Fisc. Melbourne, 1893. 

Department of Mines, Victoria. 
Naples.— Am della Reale Accademia delle Scienze Fisiche e Matcmaliche. 2a 
s^rie, Vol. V. 4^* Naples, 1893. The Academy. 

„ Rendiconto dell* Accademia dellc Scienze Fisichc e Matcmaliche, 2a scrie, 
Vol. VII, fasc. 6—7. 4® Napob, 1893. The Academy. 

Newcastle-upon-Tyne. '-Transr:tions if the North Jf England Institute of Mining 
and Mechanical Engineers. Vol. XLIL^arts 2-3. 8® Newcastle-upon- 
Tjne, 1893. The Institute. 

New York. — Annals of the New York Academy of Sciences, Vol. VII, Nos, 1—5. 

b° New York, 1893. The Academy. 

Ottawa. — Geological Survey of Canada. Cala’ )rue of a stratigraphical collection of 
Canadian Rocks prepared fo he Columbian exposition, Chicago, 
1893. 8° Ottawa, 1893. The Survey. 

„ Geological Survey of Canada. Catalogue of Section one of the Museum 
of Geological Survey. 8® Ottawa, 1893. The Survey. 

„ Proceedings and Transactions of the Royal Society of Canada for the >ear 
1892. Vol. X. 4® Ottawa, I S93. Thf Society. 

Oxford — Catalogue of Books added to the Radcliffe Library, Oxford University 
Museum, during 1892. 8® Pam. Oxford, 1803. The Museum. 

Paris. — Annales des Mines. 9*"" serie, Tome HI, livr. 4—8. 8® Paris, 1893. ^ 

Department of Mines, Paris. 
„ Bulletin de la Soci^t^ de Geographic. 3"“ scrie, Tome XX, Nos 5-7, and 
XXI, No. I : an'^ 7'** seri*, Tome XIV, Nos. 1-2. 8® Paris, 1893. 

The Society. 

„ Com ptes Rendus des Seances de la Soci^t6 dc Geographic. Nos. 14-15. 8® 

Paris, 1893. * The Society. 
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Titles cf Bo Aa. Omon, 

Paris —Memoires de la Soci^t^ Gcologique clc France. Tomo HI, fasc* 4 4® Paris, 

1893. The Society 

Ph I LADELPHn —'Journal of the Prankhn Institute Vol CXXXVI^ Nos 3*-«5 ft® 
Phihdelphn, 1893. The Institute. 

„ Proceedings of the Academy of Natural Sciences. Part 111 {i%j) 

and Part i (1893) 8® Philadelphia, 1803 The A( aoiimy. 

„ Proceedings of the AmcritaTi Philosophital Society. Vol XXX, 

No i3gtoXXXi, No 141 8^ Philadelphia, 1893. 

The Socift v 

„ 1 nnsactions of the Amencnn Philosophicil S^K!tt>, New Scries, 

Vol XVII, part 3 and XVIII, p iit 1. 8® Philadelphia, 1893 

1 Hfc Soci El T 

„ fiansactions of the Wagner Tree Institute of Science Vol. Ill, 

art 2. 8® Phihdelphn, 1893 fur iNSrnuTB 

Rome — Atti della Reale Aecadcmia dci I incei Kcndiconti Stric V, Stmestre JI, 
\ ol II, fisc 4 — 9 8^ Roma, I ''93 Tub Acadtmy 

Salem, Mo^s — Proceedings of the Anicntan Association for the advancement of ScieiKe 
V'ol XLI S'* Salem, Mass 1803 \ssoiiaiiov 

Sa\ Francisco —Occasional Papers oHIil C.alilornia Academy of Sciences. V»l HI 
8^ San Francisco, 1893 im Acadpmt 

St, Pej lrsburo —Bulletins du Comite Geologiquc \ ol XI, Nts 019 ind XII, 
Nos 1 2 St F^efcrsbotirg, 1893 1 he ( ommission 

Mcmoiies du C( mile Gci logujuc. Vcl IV, N< 3. IX, No 2,incJX, 
No 2 4.*^ St Pctcrsbi urg, iS )3 liiB Commission 

Stdnet — Records of the Austnlnn Museum V^ol 11, Nt 5 S Sjchicv, iS;^ 

^ 1 H I Musll. m 

Iaiping — P erak Museum Nojts No II, Alhu illiii Pr^'-peihng 8^ I iiping 18(^3 

Pi I AK (lOv pKN Mr \ j 

loKio — Miitheilungen dcr Deutschm Gcsellsthaft fur Natiii mid Volktikundf' 
O'stasiLns in Fok o Band V'l, heft 52 4® 1 km, 1H93 

' J HE So( iet\ 

Turin —A tli della R Accadcmia dcMe Scit-iuc di Totni:> V ji XXVIII, disp j. — 3 

loiino, 1S93 I HL A(AnfMv 

Venice — Memone d< I Re ile Isliluto Vencto eli Scitn/t, I cttcie cd Am Vol XXIV 
4° Vencvia, 1S91 3 uf Insuiltl 

Vienna —JahibiKh der Kiis K« nig Geulogischen Reich sanstall Band \[ II lufl 
2—4 8 Wien, 1 892-1 S93 iiii iNSTiiu/t 


If 


8 


Sitzungsbcnchie der Kais. Ak idcrnie der Wis^rnschafu n 
Band C Abih 1, heft 8 — lo 
,, ,, IIt, ,, 8—10 

>1 ff lib, „ 8—10 

>1 If Hi, 8—10 

>• ^ I» II If 91 t — 6 

If »» fi 1 1 a, ,, I— 5 i 

II If f, I lb, ,, 

If »f fi 1 1 If >f 

8* Wien, 1892 lur Academy 
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T $iles pf Books* Donors* 

ViENtiA.— Vcrhandlungen der K. K. Geologtschen Rekbsanstalt Nos. 8* 

Wien, 1893. Thb Institvtb. 

Washihgton.— Annual Report of the Board of Regents of the Smithsonian Institution 
for the year ending 30th June 1890. 8° Washington, 1891. 

Thb Institute. 

„ Bulletin of the U. S. Department of Agriculture. No. 4. 8® Wash- 
ington, 1893. U. S. Department of Aoricultorb. 

„ Department of the Interior. U# S. Geological Survey. Mineral Re- 

sources of the United Slates for the Calendar Year 1891. 8® Wash- 
ington, 1893. U. S. Geological Survey. 

„ Monographs of the U. S. Geological Survey. Vols. XVII, XVMI, 

and XX. 4® Washington, 1892. U. S. Geological Survey. 

Proceedings of the U. S. National Museum. Vol. XiV. 8® Washing- 
ton, 1892. Thb Museum. 

Smithsonian Contributions to knowledge. On the application of inter- 
ference methods to Spectroscopic Measurements. 4® Washington. 
1892. Tur. iNSTiruTB 

Smithsonian Miscellaneous Collections. Smithsonian Meteorological 

Tables. 8® Washington, 1893. The Institute. 

Zurich. — Vierteljahrschrift der Naturforschenden Gcsellschaft. Jahrg. XXXVIII, 

heft. 2. 8° Zurich, 1893. Socieiy. 


MAPS. 

London.— The Universal Atlas. Fol. London, 1893. 

Parts —Carte G^ologique detaillde de France. Sheet, No. 13. Map. Paris, 1893. 

GeAlooical Survey of Francb. 

Sydney.— Geological Map of New South Wales. Map.* S}dncy, 1893. 

Department 01 Mines, New South Wale.s 


G, I. C, P. O,— o. 31 D, G. Sarrey,— 
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Note on the Chemical qualities of petroleum from Burma ; by PROFESSOR 
Dr. Encler (Karlsruhe). (Translated by Dr. Fritz NoETLING, G.S,!,). 

According to the localities, four different kinds ot petroleum were received, viz \ — 


(1) Petroleum 

from Yenangyat 

(a) 

,, Kodoung * 

<3) 

„ Twingon. 

( 4 ) 

„ Minbu. 


The quantity not being sufficient to permit of photometric investigations, the 
petroleum was chiefly examined with regard to specific gravity and the products of 
fractional distillation. 

Tho whole character of the oil, particularly the relation between the specific 
gravity and the boiling point of the single fractions, proves with some certainty, 
that the oil from Burma chiefly consists of hydrocarbons of the Cn H2u4- # group ; 
naplhenes could be discovered in small quantities only. 1 he oil from Minbu forms 
however an exception, because It probably contains.^ besides the first mentioned 
hydiocarbons, a larger quantity of naplhenes (Cn Hjn);»the comparatively speaking 
liquid'quality of fractions of a high boiling point seems to favour this supposition. 


/. — Petroleum from Ycnangyat, 

1. From well No i''. 

Colour ! Green’^h brown in thui » is, green by reflected light. 
Specific gravity, 0*8214 at 30'' C. 

Melting point, 26® C. 

Begins to boil at 130*0. 


Fractional distillation * 


Oil distilling— 

Below 150° C. 

Between 150® C. and 175° C. 
„ 17s® C. and 200* C. 

„ 200® C. „ 235 * C. 

„ 225* C. „ 250* C. 

„ 250* C. „ 275* C 

„ 27s* C. n 300* C. 

n 300*0. „ 400" C. 

Loss * • > • • 



. 17*8 




. 80 

II It 


• 

. 79 

II If i 



. 86 

•1 *» [ 



. 92 

l> l‘ / 

specific gravity 


. 77 

>1 1* ( 

ranging from 


. 80 

1 »» \ 

L 0765 to 0*850. 

a 

. 308 

>1 ft 

) 

. 

. 20 

II *1 



' Kodoung and Twlngon form the central and northern parts of the Ycnangyoung oil field.— Trewi 
• All the analyses have been carried out with Bngicr'e Normal diftiUation apparatus Chcmisch 

technische Analyse, von 1. Pott, 11. Anil. Bd, 1 , p. . 77 ). 
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All fractional products below 300® C. smell only slightly, are of water white 
colour, and do not fluoresce. At a temperature of to“C. paraffin crystallises from 
the fraction 275° to 300®. 

The fractional products above 300° C have a gradually intensifying yellow 
colour, and congeal to a firm crystalline mass at the ordinary temperature. 

Fraction 300* to 325^ O. melts at 18** C. 

I. 325* to 350" C. „ 24“ C. 

i» 35® to 375^ C. ,9 II 3^ 5" 

>1 375® to 400® C. ,1 ,1 40® C. 

The last- mentioned fractions of high boiling point could be used for the 
manufacture of lubricating oil and paraffin wax. 

Crude oil of this type yields— 

Light oil (flashing point below i$o* C ) . 17*8 vol. ®/o ®f ®‘7^5 specific m^vity. 

Illumindting 0,1 (ditto from 1 50® to 300*) 49*4 i» >» 0*820 „ 1, 

Lubricating oil and paraffin wax • . 30*8 ,, „ „ o 838 h ,» 

About § of the fraction below i5c>®C. could be added to the illuminating oil 
without lowering its flashing point to a dangerous degree ; thus the total percentage 
of illuminating oil could be raised to about 6o7o 


2. Analysis of a mixed sample. 


Specific gravity 
Meeting point 
Boiling point 


o*8i6o. 

37 5“ C 

130® C to 125" C 


Fractional distillation. 


Oil distilling— 

Below 150° C. . . . 

Between 150® C. and 175® C, 

II 175® C „ 200” C. 

„ 200® C. I, 225® C. 

.. 225“ C. „ 2S0®-C. 

„ 250* C. „ 275“ C. 

.1 275® C. „ 300“ C. 


. i8 6voL®/oV 
. 179 II II ) 

• 91 II II I 

• 77 11 II > Specific gravity 

• 8 S II 11 1 ranging from 

• 8 5 11 II \ o 755 to o 845 

• 7'^ II II / 


The qualities are the same as those of the oil from well No. 15. The fractions 
above 300° gradually become more yellow in colour, begin to smell, and congeal 
according to the following table: — 


Fraction 300® C. to 335® melts at 21*5® C. 

fi 3^5® C. o II >1 24® C. 

II 350 C. „ 375® 11 II 37*5 C. 

.. 375® C. H 400® „ „ 40® C. 

The qualities of these heavier oils are the same as those of oil from well No. 15. 
A mixed sample of oil fro o Yenangjat would therefore yield: — 

Light oil (flashing point below 150®) , .186 vol. ®/o of 0755 specific gravity. 

IWuminatiag oU (ditto from 150® to 300®) 496 » o*8i6 „ „ 

Lubricating oil and paraffin wax . . 28*3 „ „ 1,0837 „ 
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The percentage of illuminating oil could however be raised up to 60 7 ^ by add- 
ing a part of the lighter oils. 


//. — Petroleum from Kodoung.^ 

Colour ; Fine reddish brown in thin films, fluorescing green by reflected light. 


Specific gravity 0*8746 at 32® C. 

Melting point • . * 31® C. 

Boiling point 135® to 140® C. 


Fractional distillation. 


distilling 

-- 





Below 

150® C. 

« V • 

. . . 4-3 vol. 7o^ 


Between 150® C. and I7S®C. • 

• . . 3*4 

II 11 i 


II 

175" C. 

„ 200® C. . 

• • . 3 

>» II r 


II 

200® C. 

„ 225® C. . 

• • • 4*6 

!i !! ; 

^ Specific gravity 

#» 

225® C. 

n 250® C. • 

• • • 7*9 

II !i i 

ranging from 

fi 

250® C. 

275® c. . 

• . * 8*4 

M !i ' 

i 0*755 to 0*875, 

II 

275“ C. 

„ 300® c. . 

• . .107 


} 


The distilled oil is nearly water white; from 200° upwards the oil shows a distinct, 
"^♦hough not unpleasant smell. Above 300° the colour changes to yellow and 
fractions congeal at the ordinary temperature. 

Fraction 300 to 325® C. melts at 13® C. 

I. 32s >1 350® C. „ „ 26® C. 

i» 3^0 I, 375 C. ,1 I, ^1 C. 

.> ays'* .» 400® c. „ „ 34* c. 

The fractions from 350° to 375"^ amount to about J of the total quantity of oil 
boiling between 300"" to 400° C., and could be used for the manufacture of lubricat- 
ing oil and paraffin wax. 

Crude oil of this type yielded— 

Light oil (flashing point below 150® C.) . 4*3 vOl. ®/^ of 0755 specific gravity. 

Illuminating oil (ditto from 150® to 300®). 388 „ „ „ 0*849 „ 

Lubricating oil and paraffin wax . . 50*4 „ „ „ 0*895 n „ 

Without any danger the light oils may be added to the burning oil proper, thus 
raising the total percentage of burning oil to about 4a vol. 7o» hut the specific 
gravity of this oil would be so high as to require specially constructed lamps in 
order to prevent the smoking. 


IIL^Petroleumfrom Twingon^ joell No. 15. 

% 

Colour: Reddish brown In thin films, fluorescing green by reflected light. 


Specific gravity 0*8653 at 3a* C. 

Melting point •••••.•• 31® C. 

Bolling point 130® to 135* C. 



s» 
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Practianal distillation* 

Oil distilling— 


Below 150° C. 


5’S vole ®/, 


Between 150° C> 

and 17S® C, 

eTl 


175° c. 

200® C. 

40 

Specific gravity 

200* c. 

22s* c. 

5*6 

ranging from 

225'’ c. 

250® c. 

64 

0*755 to 0 865. 

250* C. 

275" C. 

93 


275' c. 

300® C. 

X04 



The fractions show the greatest eimiliarity with those from Kodoung, the only 
difference exists with regard to the smell. Fractions above are solid at ordi- 
nary temperatures, except the fraction 300 — 325*^, which is semi-solid. 

Fraction 300 *" to 325® melts at 14° C. 

325"* n 350" „ „ 23* C. 

I. 350® „ 37s® n Zf C. 

, 375° M 400" .. . 33® C. 

As with the Kodoung oil the fraction 330° to 375*^ forms the largest part, about 
of the total, and can be used for the manufacture of lubricating oil and paraffin 
wax. 

Crude oil of this kind yielded— 

Light oil (flashing point below 150® C.) .55 vol. 7o of 0 755 specific gravity. 

Illuminating oil (ditto from 150® to 200® C ) 388 „ ,,0^43 »* 

Lubricating oil and paraffin wax . 48 7 „ „ o*888 ,, „ 

If the light oils be added to the illuminating oil, which may be done without 
any danger, the percentage of the latter can be raised to about 40 vol. 7c • 1^^ 
must, however, be burnt in sjicially constructed lamps, owing to its high specific 
gravity. 

IT. •^Petroleum from Minhu, 

Colour: In thin films, dirty broWn , reddish brown without fluorescence by reflected Ii^ht. 

Specific gravity, i 00213 at 30® C. 

1*005 n 25® C, 

09^4 „ So'^C. 

On account of the remarkable viscosity of this oil the melting point could not 
be determined. It is, however, liquid at the ordinary temperature. Below 300° 
only water distills ; it only begins to boil at 300®, and therefore contains no con- 
stituents from which illuminating oil could be manufactured. 


Fractional distillation 

Below 300“ C 

Between 300® C. and 395® C 

» 325° C. „ 350® C. . . * . 

»i 35® C. ,, 375 C. • • , , 

Balance about ..... 


2 vol. 7ft (water). 

®‘3 ir tt of o'giao specific gravity, 
49*7 it it it 0 *^ 3 ® n i» 

7 »* n w O 972 n it 


Unlike fractions of the other oil-samples boiling above 3007 those of the 
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Sing.arfni Coalfield Diagrammatic Sections Illustrating General Stpucture of the Fieic 
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l^ART Saisr ! Singareni Coallield, Hyderabad (Deccan). 

Minbu oil are all liquid at the ordinary temperature, of a brown colour, and resem* 
ble in this respect the high-boiling fractions of the petioleum from Baku, which 
chiefly consist of naplhenes. 

The subjoined table will show the composition of various samples of crude oil 
from Upper Burma with regard to their economic value 


Light oils Illuminating Lubricating Remain- 
(below 150® C.) oil (150'’ to oil and paraf- der and 
300° C ) fin wax. loss. 


I Petroleum from Ycnangyat Well No. >.5. 


1 

II 

in 

IV 


It 

II 

»» 


» I) (mixed) 

„ Kodoung 
„ Twingon 
I, Minbu 


17 8 vol. 49*4 vol. 7o 30'^ vol. 2 vol. 7 o 
i8*6 „ „ 49-6 „ „ 28-3 „ „ 3*5 „ „ 

4 3 •» II 38*8 ,t ,, 5'^'4 II II ^‘5 If If 

5 5 If II 38 8 ,, i, 48 7 •» M 7 M II 

76*7 f. „ 21-3 „♦ 


It must be specially noted that the oil samples I, IT, and III while being of a vis- 
cous character at ordinary temperatures, contain a high percentage of lighter oils 
especially illuminating oil. Up to now I have never found similar oils, which 
being of the same consistency, contain such a high percentage of illuminating oil. 


Note on t/ic Singareni Coalfield, Hyderabad (Dercan). 5 yWALTRR SAI8E, 
D.Sc., F.G.S., Manager, East Indian Railway Collieries.^ (With map 
and 3 plates of sections.) ' 

The original note on this field is to be found in the Recoids .Geological Survey 
of India, Vol.V, Part 2 of 1872, where Dr. W. King's discovery of the coalfield is 
announced. 

The borings made by the Nizam’s Govern^ w * and the working of an extensive 
colliery by the Hyderabad (Deccan) Compan} , ve resulted in information which 
enables a corrected map of the field and a section of the measures, as well as sec- 
tions showing the structure of the field to be is-'acd. 

The coalfield is an elongated patch, 13 J miles long, and 3J broad in the widest 
part. The long axis runs approximately north -north -east and south-south-west. 

The formations consist of, in descending order : — 

Kamthis. 

Barakars. 

Talchirs. 

The character of these are fully described in Dr. King's paper ; the only point 
to be noted is the maiked une "*formit^ of the K aiiiihis on the Barakars. The 

* a vol, 7o water. ** 

t Dr. Saise while reporting on this coalfield last year for the H>dernbad (Deccan) Mining 
Co.f Ld., made the accompanying map and sections^ to which, at my request, he has oblig- 
ingly added this note, and now permits of their publication in the Records,— 



Retards o/ikiCeohgmlSit»vt/»/lndia^ [VoL. xxvu. 

L. ./ .p 

Indian. ^ITie Ranigunj, Jherriah, and Karharbari Coalfields are 

The BaraJcars are faulted against the older rocks wherever c.^posed, and the 
KaitJihis also. As the Kamthis are younger than the Barakars, this appearance is 
to be explained by the fact that disturbances tend to follow old lines of fracture, 
and the same faults that defined the extent of the Barakars and Talchirs also 
defined at a later date the general area of the Kamthis. 

Seeing that the coalfield lies between the Gneiss and the Vindhians, I should 
be inclined to suspect a line or lines of fracture between these formations as the 
leading cause of ihe preservation of this patch of coal-measures. 

The plate of the correlations shows that there are several seams besides the 

The thick coal seam is made up of many bands. It has not been opened out or 
explored to any extent. An assay of part of the thick coal gave the following per- 
centages — 


Fixed carbon , • • . • 52‘5 

Volatile matter , . • . • 34 ‘5 

Ash 130 


The uam^ which is of uniform quality, is the best in tlic field and is being 
extensively worked. The composition is < 

Volatile matte*- ••••.. 25’2,'5 

Fixed carbon • • • . . • 5^ 5^ 

Moisture 7 ^ 

Ash 10*65 

It is a good steam-coal but will not coke. 

Sections measured by me varied from 3 feet 9 inches to 6 feet in thickness. In 
this variation it agrees with Indian seams. Allowing 4 feet 9 inches as the average 
thickness, and taking the area of this seam at 9 square miles, there are, after allowing 
aoVo for wasteage, 36,000,000 tons left to be gotten. 

The other seams will no doubt receive attention in time to come. 




SECTION ACROEi. TUl diRAIH OUKOA VALUIY 
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Report on the Gohna Landslip, Garhwal. By THOMAS H. Holland, 
A.R.C S., F.G.S., Geological Survey of India. (With 5 plates and 2 
maps). 
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INTRODUCTION. 

I. The observations recorded in this note were made during a journe) to Gohna, 
Garhwal Himalayas, m February and March, 1894 — Ave months after the landslip, 
and ^^hen the lake formed by the barrier fallen across the B’»-ahi Ganga \ailey had 
risen to within 290 feet of the top of the dam. 

During the course of this investigation I have received most valuable help from 
Lieutenant-Colonel R. R. Pulford, R.E., Supciintending Engineer, Mr. G. J. Joseph, 
Divisional Engineer of Kumaon, and especially from Lieutenant S. D’A. Crook- 
shank, R. E , who is now stationed at Golftia in charge of the survey and works. 

The lake will be full and will overflow the barrier about the middle of August. 
Means for recording by instantaneous photographs the effects of the water on the 
dam are being carefully arranged by the Government of the North-Western Prov- 
inces 
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to record the occurrence of a carious structure strikingly like that of specimens from 
the Deoban limestone in Jaunsar a»d Sirmur;^ also in similar rocks from Kdid,* 
from Kumdon,^ and from the Gandgarh range in H&zdra* 

In appearance this structure recalls the concentric growth of the Lower Paljeozoic 
Siroma/oporotdea, bUt sections which I have made show no structure which could be 
safely referred to an organic origin, and it is possibly only due to concretionary action. 

9. It is intereafcing to note that although these so closely resemble one another, 
that from Deoban is in a limestone almost fiee of magnesia, that from the Hazara 
area is a dolomitic limestone, whilst that from Gohna is a dolomite in which the 
‘carbonates of lime and magnesia give about the same molecular ratios. All these 
specimens contain small quantities of phosphates ; those fiom Deoban and Gohna 
less than that from Hazdra. The specific gravity increases naturally with the per- 
centage of magnesia: — Deoban, 2*67; Hazdra, 274; Gohna, 2-82. 


An analysis of the Gohna rock gave— 

Insoluble residue i‘3S$ 

Ferric oxide,® alumina and phosphoric acid , i 225 

Carbonate of lime ...... 5 1875 

Carbonate of magnesia 44 7S0 


loi 23S 

Spectre gravity of the fragment analysed, 2 83. 

Specimens of the handed rock at Gohna have a specific gravity of 275, and on 
chemical examination I find the dark bands in the rock are dolomite, whilst the 
lighter bands are limestone. In one bed the dolomite is curiously spotted, 
due to amygdaloidal cavities arranged along the bedding planes and paitially 
filled with calcite. As the cavities are only partially filled, hand-specimens of the 
rock have a specific gravity as low as 2’56. 

10. Although the specimens from Deoban exhibiting the pseudo-organic 
structure happen to be limestones, Mr. Oldham has recorded dolomites in the 
same area. There is also a massive dolomite at Naim Tal associated with the 
purple shale series of Mr. Middleraiss,/ind probably of the same system as that at 
Gohna and again in Hazara, Although the correlation of these beds in different 
parts of the itimalayas, based for w^ant of fossils on purely lithological grounds, 
is naturally insecure, one cannot help recalling the similar association of unfossili- 
ferous slates, quartzites, carbonaceous shales and dolomites described by Mr. Mallet 
near Baxa in the eastern Himalayas,® 

* R. D. Oldham, Rn. Geol. Surv., Ind., Vol. XXI (1888), p. 133. 

* C. D. Sherborn, GeoL Mag.f 3rd dec., Vol. V (1888), p. 255, Mr. Sherborn compared the 
general characters of the structure to those of certain similar American spf'cimens described 
under the name of Cryptotoon proliferum. Prof. H. A. Nicholson, who examined the Kdld 
specimen, was inclined to attribute it to an organic origin, quoting a similar case described by 
M. Dupont from the altered Devonian limestones of Belgium under the name Stromatactis 
(ibid, p. 257.) 

* J. McClelland, Journ. As. Soe,^ Vol. Ill (1834), p. 628. 

* Specimens collected by A. B. Wynne, G/S. I., in 1878 at Kora-na-durrab, and preserved 
in the Geological Museum, Calcutta. No. 79-118. 

' The iron occurs in the rock mostly in the ferroos condTtion. This result should conse- 
quently be slightly lower. 

* Afem, Geol. Surv., Ind,, Vol. XI (1874), p. 33. 
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II. THE LANDSLIP AND LAKE. 

11. From the account of the villagers there seem to have been fields along the 
sloping portion of the gorge near Gohna on both sides of the river, whilst the hill 
they speak of asMaithdna — the one which fell — rose almost vertically above the slope 
on the north side of the river (p/a/e 11 ). Two years ago there w^as a small slip between 
Mailhana and Gohna village. On the 6th of last September (1893), and towards 
the close of the rainy season, two falls took place, damming back the river to form 
a lake. Falling continued for three days with deafening noise and clouds of dust 
which darkened the neighbourhood and fell for miles around, whitening the ground 
and tree-branches like snow. Further slips occurred at subsequent intervals after 
heavy rain ; and at the time of ray visit in March a day's rain or fall of snow was 
always succeeded by falls, — blocks of several tons came bounding from ledge to 
ledge for more than 3,000 feet over the broken hill face with a low rumbling noise 
and the production of clouds of dust. The part which fell was a spur of one 
11,109 feet high ; but except on the edge of the precipice, where pieces could be 
pushed over with the foot, I found no cracks in the hill. The rocks exposed on the 
cliff-front, as shown in Plate I, arc crumpled and faulted in a complicated manner and 
with varying dip ; but on the-west side of the slip the dip is towards the valley at a 
lower angle than that of the precipice, the average inclination of which is 54"". The 
mass of broken material which fell stretches for 2 miles along the river valley, and 
rests against the cliff of similar rocks on the opposite side a mile aw^y. On the 
higher mounds, from which the mud has been washed away, large masses, sometimes 
weighing hundreds of tons, of crumpled dolomiiic limestones are seen pitched in 
obliquely and shot out like a pack of cards, whilst blocks hurled a mile away against 
the opposite cliff have knocked down numbers of trees. In the first fall, at any 
rate, the hill must have pitched forward and not have slipped down in the usual 
fashion of smaller slides. The second main fall now stands as a heap of irregularly 
piled blocks weighing from about 30 tons down to 01 dinary hand-specimens. 

12. The surface of the dam exposed in early March was 423 acres; but it 
is gradually being submerged on the eastern side by the rismg Iflte. A section 
along the valley from the bed of the river on the west to the e ‘ ^ of the lake on the 
east slopes at an angle of 1 on one side and 10° on the othci, from a point 5,850 
feet above sca-level, or 1,200 feet above the bed of the river at Gohna. As the 
river bed slopes at about 2*° the dam must be about 850 feet thick at the point 
referred to. A section across the valley shows the broken rock rising as two mounds 
on the south side to a height of 6,186 feet, and on the north side to 6,305, where it 
ends at the foot of a talus sloping at about 40° up to the broken cliff-front of the 
mountain ( see Plates II and III). The mounds on either side consist of large 
masses of rock, whilst the shallow valley between is covered with a thick layer of 
fine mud probably washed down from the higher levels. 

13. The lake in the beginning of March was 2 \ miles long, i mile wide at the 
widest part and covered 370 acres. It ie rising it the rate of about 6 inches per day ; 
but with the melting of the snows in the hot season the rise will be more rapid. 
When full it will, unless a cutting is made, overflow at the point referred to as 5,850 
feet above sea-level ; and the stream, rushing down an incline of 1 1°, will rapidly cut 
with increasing head a channel in the mud and loose stones, which cover that portion 
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of the dam, until its speed is checked by the reduction of slope and the exposure 
of large blocks of dolomite which must occur below at no great depth. It is impos- 
sible from mere inspection to estimate the thickness of the soft mud, but from the 
rain which has fallen since last September gullies 20 and 30 feet deep have been 
cut on the western slope of the dam exposing large quantites of small stones and 
blocks of a few tons in weight. If, as I anticipate, the rapid erosion becomes 
arrested before 100 feet has been cut there will be preserved above a lake 34 miles 
long and niile wide, whose destruction by gradual erosion of the dam and 
silting up of the basin, though a matter of time geologically considered short, will 
be sufficiently slow for what historically may be called a permanent lake. The 
lake view from the dam is the crowning charm of scenery typically Himalayan and 
wild : the steep mountain slopes, partially clad with fir, evergreen oak and gor- 
geously-flowered rhododendron, slope steeply down on either side to the blue-green 
waters of the lake, whilst to the east Tirsill and two associated peaks rising over 
20,000 feet, with snow-clad slopes andjglaciers, form the back-ground of the picture. 

14. Doubtless at several places in the Himalayas, lakes have in the recent past 
been formed by landslips, filled, and afterwards cut through by their own streams. 
Mr. Oldham has described the very interesting case of Turag Tal near Gonain in 
Almora District, which was formed behind a barrier qj slipped limestone 250 feet 
high. * The level of the alluvium in the lake is now within 50 feet of top of the bar- 
rier, so the age of the lake is measured by the time required to deposit alluvium to 
a thickness of 200 feet.^ 

15. Whilst the steep slope of the mountains around the lake at Gohna add 
greatly to the beauty of the view, they are unfortunately a source of danger to the 
lake itself on account of their liability to follow the example of Maithdna and slide 
down displacing proportionately large bodies of water. At one spot, a little to the 
south-west of the dam and half-way to Durmi, where the dolomites dip in the 
direction of the steep slope towards the lake, the hill side may at any timo^j^lide in- 
to the lake. In 1869, higher up the same valley, a small lake, Gudyar Tal, having 
been formed in the same way by a Isyidslip became suddenly nearly filled w'ith a 
second slip ac^mpanied by displacement of a body of water which flooded the valley 
of the Alaknaium and washed away part of Srinagar, 78 miles b^low. That this, sooner 
or later, w^ill take place is a certainty ; but when, it is impossible to say. The very 
size of the lake, however, will be a safeguard against high floods. Supposing, 
for instance, the permanent lake to have an area of 500 acres — I don't think it will 
be less — and a slip of 1 2,500,000 cubic feet occurred— the maximum possibility 
near the south-east corner of the dam. Then^thc water in the lake would rise 

7 inches. There are, however, one or two steep pro- 

cipices on the north side of the lake which I could not examine and which might 
probably give larger slips. As such an occurrence is most likely to take place after a 
long season of rain the rivers will already be flooded and unable to carry any extra 
supply. I would suggest, therefore^ to the engineers, the advisability of strengthen- 
ing and raising the sides of the final outlet at the dam to receive a sudden rise of 
a few feet and the high waves which would follow a fall, such as I anticipjate, into 
the lake. Careful determination by contours ot the steep slopes on the northern 

(*) Rec. Geol. Snfv,t India^ Vol. XVI (1883), page 164. 
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side of the lake would give means for estimating the maximum possibilities of such 
slips. 

i6. Fears have frequently been expressed concerning the danger of the dam 
bursting under the hydrostatic pressure of the water accumulating in the lake abovje. 
The sections and map accompanying this note should be sufficiently convincing to 
any engineer; but to remove any doubt concerning the security of the barrier, its 
strength may be conveniently compared by a simple calculation to the actual 
hydrostatic pressure which it will have to resist before overflow occurs ; — 

The point referred to above as 5,850 feet above sea-level is approximately in 
the centre of the dam and lies in its weakest section. To make the problem aa 
simple as possible, we may consider a section through this point, one fool thick 
and 1,000 feet deep — an estimate well beyond the maximum depth of the water 
in the lake.^ Such a section will contain : — x (2 x 1000 x co/an. 11®) = 
5,144,600 cubic feet of material. Now, the dam is composed principally of dolo- 
mite, varying in specific gravity from the pure material of 2* 83 to blocks charged 
with iron pyrites up to a specific gravity of 3*6 1, There is also an admixture, in 
smaller quantities, of pyritous shale (averaging 279), and in still smaller quantities 
of laic (2*78) ; but pyritous dolomite is in large excess. Taking 2 8 as a very safe 
estimate for the average specific gravity of the dam, the weak section referred to 
will weigh — 

5,144,600 X 2*8 X 62*5 -r 2,240= 401,922 tons. Further, when the overflow 
is about to trk<^ the horizontal hydrostatic pressure against the section will 
be : 1,000 X X 62*5) n- 2,240 = 13,950 tons. 

The weight of the section is nearly 29 limes the horizontal 

pressure of the water. Supposing this section to he free of friction from the sides 
and only offers the resistance estimated by its own co-efficient on a bed of the same 
material. Now, the angle of repose of a dolomitic talus on the dam is, as stated 
before, about 40°, which would imply a co- efficient of friction of 0-839 {/an. 40°), 
The section would thus require about four-fifths of its own weight to move it; that 
is to say a pressure of 321,536 tons. But as the maximum hori- 

zontal pressure of the water will only be 13,950 tons, the wepkest ^eclion of the 
dam is a/ least 23 times the necessary strength. This eslim\ e would, of course, 
be still higher, if we took into consideration the weight of the it .msands of tons of 
dolomitic blocks which rise on either side the weak section and point of overflow. 
Finally, the enormous pile of rubbish, weighing quite 800,000,000 tons and lying 
in a valley nearly one mile wide, would, if shifted, become jammed into a gorge 
only 500 feet wide. 


III. -CAUSE OF THE LANDSLIP. 

17. It is easy to trace several causes, which have been for sometime conspir- 
ing to the one end of bringing about the catastrophe ihsi has been attended with 
such serious consequences at Gohna. 

18. Among these the principal, or rpore correctly the one which gave facili- 
ties for the action of all the othe|p, is the dip of the strata towards the gorge. 

(*) Since the above was written, Lieutenant Crookshank has sounded the lake obtaining 512 
feet as the greatest depth. As it is still 265 feet from the top of fhc dam, its maximum depth 
will be 777 feet — T. H, H., May 2nd, i 9 g 4 . 
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Plate I shows the complicated manner in which the beds are crumpled in this 
area. At the same time it will be noticed that over Gohna village, the dip of the 
dolomites in the south-east direction increases, until in Maithina itself the beds 
are inclined in the face of the cliff at an angle of about 45° — 50®, and consequently 
large platey surfaces are exposed by the fall. As the dip of the rocks is here 
greater than the angle of repose of dolomite or shale-slabs, sliding would naturally 
take place when necessary facilities are presented. As long as the slope of the 
surface does not exceed in angle the dip of the strata, there is no danger of a slip; 
but when, ai^ in this case, the foot of the slope is undermined by the action of a 
river and springs, the average slope of the surface is increased and there is a 
tendency for the beds lying between the line of slope and the line of dip to slide 
off. If the beds are well cemented and only subject to the influence of their own 
weight, the surface-slope may greatly exceed the dip (and the angle of repose) 
before blicling commences. 

The influence of the dip of the strata in fashioning the surface slope is also 
well-illustrated in the Cheddar valley m England. The river has cut a gorge 
approximately in the direction of the strike of the carboniferous limestone, which 
dips on both sides of the river at an angle of 15° — 24° S. The south side of the 
gorge IS an almost perpendicular cliff 400 feet high, whilst on the north side the 
slope is only slightly greater than the dip of the beds, which are constantly, 
though gradually, slipping down as the rjver is deepening its villey. Thus, 
whilst an almost perpendicular cliff IS safe on the south side in which cliiection 
the rocks dip, there is a perpetual slipping on the north sidc,^ and no slope 
greater than the angle of repose of the loose blocks would be safe. 

19. In the landslip at Gohna not only was the support icmoved by under- 
mining at the foot of the slope, and loosening of the beds, but the beds were 
impelled outwards by a series of changes following as a natural consequence of the 
processes which destroyed the originally compact nature of the strata. These causes 
combined, taking advantage of the stratigraphical facilities, precipitated the mass 
of material which now dams back the Birahi Ganga. Taking these causes m 
order we have — 

(/). Htfise producing a loosening of the strata 

(а) Doiomiti;sation. 

(б) Solution by atmospheric waters. 

(c) Reduction of co-eFBcient of friction by water. 

(2), Subsequent changes impelling strata in the direction of least resistance, 

(a) Expansion of products on oxidation and hydration. 

(fi) Changes of temperature. 

(c) Hydrostatic pressure, 

20. Loosening of (he strata, 

(a) Dolomit nation , — The change of ordinary limestone into dolomite (which 
has only been partially effected at Gohna, see section 9, p. 58) on account of 
the lower molecular volume of magnesium carbonate, is accompanied by an 
increase of specific gravity from ahput 2*73 to 2*83, and consequently correspond- 
ing decrease in volume. The vesicular and jointed characters of many dolomites 
are probably thus caused, although the visible efccts may often be prevtfcntcd by 
pressure ; but even under conditions of pressure, dislocations once produced offer 
facilities for subsequent agencies as, for example, removal by solution, or introduc- 
tion of other minerals like iron pyrites with which the Gohna rocks are highly charged. 
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ai, {b) Solution by atmospheric waters, — Besides the mere solution along joint and 
bedding planes — a process inevitable wherever atmospheric waters circulate amongst 
such rocks— minerals like iron^-pyrites become decomposed and the products of 
oxidation and hydration act as solvents for the production from dolomite of sulphates 
of lime and magnesia which arc carried away, at once or ultimately, in solution. 
Except for these changes combined, I should find it difficult to explain the amygda- 
loidal cavities in the dolomite referred to in section 9 ; and apart from such an un- 
usual manifestation of their effects as these cavities, there is no doubt of the rocks 
being loosely jointed and channelled in numerous directions. The large cavities 
and swallow-holes’" described by Mr. Middlemiss in the dolomites of Naini Tal 
are examples of the changes brought about by the agencies here referred to.^ 

22. (c) Rtducti 07 i of the co-efficient of friction by water, — The co-efficient of friction 
of clay is about ro, corresponding to an angle of repose of 45®. The co- 
efficient of friction of wet clay varies from 0*25 to 0-31, corresponding to angle of 
repose 14° — 17° (Rankine). The effect, therefore, of water on a soft bed of shale 
is equivalent to lubrication, and doubtless this has occurred in the shales which 
undeilie the dolomites in the cliff at Gohna. After the season of heavy rain, which 
preceded the landslip, the mountain must have been saturated with water, and even 
now small springs issue from different parts of the slope (see section ii). The 
disastrous landslip at Naini Tal towards the end of the rains of 1880 illustrates this 
fact,^ The mass of slush forming the foot of the slip sloped at an angle of 15® up 
to where the old Victoria Hotel stood; from there the drier debris formed a steeper 
slope of 25®, 

A similar illustration is afforded by the well-known landslip region of South 
Devon and Dorset between Sidmoulh and Lyme Regis, There the porous creta- 
ceous beds resting on the impervious clay-beds of the lower Lias, Rheetic and Red 
Blarl, and dipping gently towards the sea, have been pushed over the slippery wet 
clays by a hydrostatic pressure which must have been only a small fraction of the 
weight of the beds. 

(jj Subsequent changes imp<llins* strata in the direction of least resistance, 

23. The direction of least resistance in this case is of course towards the gorge, 
and any sufficient impulse could only be manifested by movein'*nt in that direction. 
The smallest movement thus becomes a positive contribution to e final condition 
for a slip. 

24. (fl) Expansion of products on oxidation and hydration, — The sulphuric 
acid produced by the oxidation of pyrites would, under pressure and high tempera- 
ture, decompose the carbonates of lime and magnesiu, and form either anhydrous 
or partially hydrated sulphates, which would e.xpand on subsequent more complete 
hydration before final lemoval. This action taking place in small cracks would 
give rise to the production of a number of wedges to dislocate the rocks.^ 
Although I have mentioned this as one of the causes which brought about disruption 
of the originally more compact rocks, I should not imar that in the present 
instance the effects were very serious. Gypsum the final product of the action of 

1 Middlemiss. Rce. Geol. Surv.^ Vol. XXL. (1890), page 220. 

* R. D. Oldham. Rec. Geol. SurvZInd., Vol. XIII (1880), page 277- 

* See also Mitidlcmiss, Rec. Geol, Surv.i Ind,, Vol. XXIII (1890), page 221. Cal- 
careous tufa and gypsum near Naini Tal. 
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Sulphuric ftcid and water on carbonate of lime nevertheless occurs in illustration of 
the statement. \ 

*5- (^) Changes of temperature ^ — The expansion accompanying the rise of tem- 
perature during the summer can only be manifested in the direction of least resist- 
ance, and as there is no tendency to return on subsequent contraction during the 
low winter temperatures, the result is a gradual “ creep ” in the direction of the 
valley. In the Garhwal Himalayas, mountains of the height of those at Gohna are 
for sometime covered with snow and frequently subjected to a freezing temperature, 
the surface rocks at any rate will therefore suffer the usual effects of frost. 

26. (e) Hydrostatic pressure , — From the upper edge of the slip the hill rises at 
the back to a height of 11,109 feet, — a rise of 11,109 — 9,620 = 1,489 feet in half a 
mile. As the strata dip in this direction at a slightly steeper angle than the surface 
slope, there is every facility for rain water sinking through to exert a hydrostatic pres- 
sure due to a column increasing from 1,489 feet to about 1,4894.5,000 = 6,489 
feet in height. As the slip took place towards the end of the rainy season, there is 
every reason for including this among the causes which combined brought down 
the side of Maithdna. 

27. Before closing this note it may be of interest to the general reader to be 
reminded of the fact that the folding of the Himalayan range having continued to 
times geologically recent, if not still in action, there has resulted a condition ot 
strain frequently manifesting and relieving itself by earthquakes, and of steep slopes 
with rushing torrents, frequently resulting in landslips. When subsequently the 
inequalities of level have been sufficiently reduced by denudation, the slopes will be 
more stable, rivers less violent and the scenery tamer — a condition of affaiis exempli- 
fied by the more geologically old-fashioned peninsular portion of India. Water, 
the great agent of denudation, has, we have seen, by its chemical and physical 
action, been the cause of the landslip at Gohna, and we have still to look for the 
effects of the potential energy accumulating in the lake. 


IV.— EXPLANATION OF PLATES 

Map I, — Gohna landslip and lake, giving contours at 100 feet vertical intervals. 

Scale 1,000 feet =r i inch. Reduced principally from the survey 
of Lieutenant S. D’A. Crookshank, R.E. The small map in the 
corner is from Atlas sheet No. 66, N. W., showing the limits of the 
basin draining into the Gohna lake. Scale 4 miles = 1 inch. 

Map II. — Map showing the position of Gohna and routes from Ilardwar, 
Nazibabad and Naini Tal (see section 2). Scale 8 miles z= i 
inch. 

Plate L— Sketch of Maithina — the broken hill— showing the elevations and 
bearings of the principal points along the north side of the gorge. 
Sketched from thj^ south bide of the dam at an elevation of 6,170 
feet (see Map I). 

Plate II. — Section across the Birahi Gung 4 ^valley and the landslips thiough 
5,850 feet point (A) on ihe dam (Sec Map I. and section 12). 
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Plate III. — Section along the valley from the old river-bed below Gohna to the 
lake (see Map I and section 12). 

PlateIV.— View looking up the valley (eastwards) from the edge of the lake, 
290 feet below overflow point. Tirsdl (23,406 feet) and two 
associated peaks over 20,000 feet form the back-grouiKi. Photo- 
graphed March loih, 1894. 

Plate V. — View from camp near Durmi looking eastwards. The village of 
Durmi on the right will be submerged before overflow occurs (sec 
Map I). Photographed March lolh, 1891. 
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT. 

TRI-MONTHLY NOTES. 

No. 19.— Ending 30TH April 1894. 


Dindor^s Office, Cakuiia, April i8g4. 

The association of the Survey with the Geological Survey of Austria and the 
geologists of that country, which practically began with the appointment of the first 
Palaeontologist, Dr. Ferdinand Stoliezka, and was distinguished in 1873 by the 
presentation to the then Director, Dr. T. Oldham, and Dr. Stoliezka of gold medals 
hy the Emperor of Austria, has again been marked by a like gracious bestowal of 
gold medals on the pre.senl Director of the Survey and Mr. Superintendent C. L. 
Griesbach, C.l E., in recognition of their services in connection with the carr) ing 
out of the scientific expedition undertaken in 1892, at the suggestion of the Imperial 
Academy of Sciences at Vienna, to the central regions of the IPmalayas, as well as 
generally in assisting the palaeontological researches of Austrian Savants in India. 
This medal is figured on the annexed plate. 

Mr. Grundy, the Inspector of Mines in India, has, during the last three months, 
continued an admirably close inspection of the Bengal collieries; in which it is 
gratifying to note that he has experienced very earnest co-operation on the part of 
the Agents and Managers of the mines. His seasons’ work in Bengal will be 
shortly closed, when his oflice will return to Calcutta. The inspection of the Warora 
Colliery, .which had been arranged for before Mr. Grund}'s arrival in India, was 
finished by Dr. Noetling after his inspection of the collieries in the Salt-Range, 
Punjab. 

It is as well to state here that duryig this inspection Dr. Noetling eagerly 
seized the opportunity afforded him of continuing the scientific work of the 
Department. He visited the lower palxozoic outcrops of Bhaganwala, Khussak 
and Khewra, whence he was able to bring avray a valuable and sufficiently typical 
tolleciion of the Olenellus and Neoholus fauna which should clear off mudi 
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of ihe obscurity $till shrouding the definition of the Cambrian strata of the Salt-^ 
Range, Since his return to Head- Quarters at the end of February, he has been 
engaged in his proper work at the tertiary fossils of Burma, including the marine 
fossils from Minbu and Yenangyat which show, so far, that this lower miocene fauna 
has to a large extent a community of facies with the tertiaries of Sumatra and Java 
and those ^of Western India, though the facies of the latter is the stronger. He is 
also preparing a memoir on the vertebrate remains from Yenangyoung. 

Mr. ELolland returned from his inspection of the Gohna landslip in Garhwal, a 
report on which appears in the current records ; and he has just proceeded to 
Naini-Tal to take part in an enquiry by the Department of Public Works of the 
North-Western Provinces into the condition of certain landslips in that neigh- 
bourhood. 

At the end of March, the Director visited Giridih under the guidance of Dr. 
Walter Saise, Manager of the East Indian Railway Collieries, in connection with the 
excellent survey of the coal-field lately completed by the latter gentleman, on the 
conclusions derived from which the new Jubilee pH on the southern edge of the 
field IS being sunk to a depth of 650 feet. This will be the deepest coal pit yet put 
down in India, and it will bear witness to the admirable reasoning and series of test 
borings whereby Dr. Saise was enabled to arrive at an approximate estimate of the 
immense quantity of coal jel stored up in this outlier of the main Ranigunj area of 
the Bengal coal tract, which is calculated to yield an output of 600,000 tons per 
annum for the next 138 years. The want of ne\\er geological maps of these coal- 
fields, than those which were prepared, on the only available scale at the time, for 
the particular memoirs published in 1863 and 1870, is becoming more and more 
felt ; and when so much has been done in the way of helping towards this end as 
has been quietly accorpplished by Dr. Saise in a map, on the scale of 2"=:i mile 
with sections, of the Giridih coal-field which has been laid before the Board of the 
East Indian Railway Company, and which is to be presented to the surveij^Or pub- 
lication ; it would seem as if the time had fully come for the formation of a com- 
mittee of Bengal Colliery Managers to move in the preparation of a revised and 
enlarged map of the Ranigunj coal-field. The Colliery Managers would appear 
to have quite sufficient data before them in the way of borings and shaft sections 
which, combined with their local knowledge, should enable them to contribute 
materially to the production of a lasting standard work of this kind An initiatory 
step might be made by supplying Managers with copies of the latest revenue and 
other maps of their districts, on which each gentleman could enter all the data 
his disposal according to some settled scheme of geological and mining delineation. 
The Geological Survey Staff is all too limited for such an undertaking, bu^ by judi- 
cious co-operation with a committee of the kind indicated, a great deal might be 
done to effect the desired end. With experienced and long-tried Managers to 
choose from, an excellent committee might be formed ; while the proj^t might 
also receive additional energy and influence from the Indian Mining Assotiation in 
Calcutta, which is the official representative of the coal owners of Bengal. 

A visit was also made to the belt of me&lliferous rocks of the Transitic^ Series 
in Chota Nagpur, on which for the last few years considerable but aln^St futile 
energy has been expended in an attempt at gold productiot) ; in view of t^ing up 
the mineral survey of the country during the next field season* It w^ts sifficicntly 
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evident that the relations of the Transitions themselves, and the association of the 
metalliferous veins (which are cupriferous, or lead-bearing, or auriferous, as the case 
may be, in certain zones) occumng in them, should now be worked out in some 
detail, if only to afford guidance m any further endeavours which may be made in 
the way of production ; while our mineralogical and geological study of the Transi- 
tions will help towards the complete correlation of them with those of Chhattisgarh 
further westward, and perhaps also with the Dhirw^rs of Southern India. 


List of Assays and Lixatninations made in the Laboratory ^ Geological Survey of 
India, during the months of February, March, and April, iSg^. 


Substance. 

For whom. 

Result. 

1 Specimen of iron ore, from 
Khochipura, near Fokhra^ 
Sihaol 1 ^sil, Rewah 
State. 

P. N. Bo<>e, Geological 
Survey of India. 

Specular iron. 

Quantity received, i}Ibs. 

Contains 21 *40 per cent, of iron (Fe)«« 
3^‘57 per cent, of ferric oxide (Pe* O3). 

1 Specimen of coal, from the 
Sarakdi Colliery, Asao- 
sole. 

N A. Hodges, Howrah. 

Proximate analysis, with calorific power. 

1 Specimen of roal, from 
Kaneegttut* 

John Chambers & Co., 
.Singaram Valley Coal 
Concern, Calcutta. 

Proximate analysis, with calorific power, 
and sulphur detei mination. 

2 Specimens of quarta, i»ith 
iron pyrites and gfaVena, 
from Chota Nagpar. 

John Martin, Calcutta . 

Assayed tor gold. 

3 Packets containing dupli- 
cate assay beads, for 
ii^eighment and parting. 

C. M. P Wright, Wun- 
tho, Upper Burma. 

^Veighed, parted and calculated to the ton. 

4 Specimens of limestone, for 
analysis. 

Kilburo & Co,, Calcutta 

AnaWsed for insoluble residue; ferric oxide 
and alumina; carbonate of limo) and 
carbonate of magnesia. 

j Specimen of coal, from 
l^ikha. Southern Shan 
State, ourraa. 

The Revenue Secretary 
to the Chief Commis* 
Stoner, Burma. 

Quantity recetvr-t 32 lbs. 

Moisture • . • • 14*40 

Volatile mattei , exclusive of 
moisture « . • 41 00 

Fixed carbon , . , 36*60 

Ash . • • • • 8*00 

100*00 

Does not cake, but sinters slightly. 

Ash — light buff. 

1 SpecirtCen of coal, from 
Darjeeling District. 

Finlay Muir & Co., 
Calcutta. 

Proximate analysis* 

1 Specimen of quartz, with 
iron ^ttes and galena, 
from Cnota Nagput*. 

John Martin, Calcutta • 

• 

1 

Assayed for gold. 

1 Specimen of coal, from the 
North Cache r Hills, 
Assam. 

1 

Finlay Muir & Co., 
Calcutta. 

Proximate analysis. 
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List of Assays and ExominxUions made in the Laboratory, Geological Survey tf 
India, during tke months of February, March, and April, 1894 — contd. 




Doloroitet with pseudo organic Thomas H. Holland* 
structure in hand specimen, Geological SuiYsy ol 
from Gohna landslip, Garh- India. 
inX, 


S. G.«*r83. 

Insoluble residue • • 

Ferric oxide, alumina, etc. 
Carbonate lime • 
Carbonate ot magnesia • 


I Specimen of quarts, with A. Mervyn*Smith, Orient- Assayed for gold, 
iron pyrites, from Pardiah, al Prospecting Syndi- 
Chota Nagpur. cate. Ld., Cakutta. 


I Specimen of galena, with lieutenant E. 1. Beau- Yielded on assay ;-^74’33 per cent, of lea l 
quarts and iron {mites, mont, R.I.hl., Cal- and 12 oz* 14 dwts. ip grs. of silver to 

from Maingays lalano, Mer- cutta* the ton of le^ 


gui Arcbip^ago. 


C. S. Middlemiss, Geolo- Blo^k, R» face of Sankarid^ug Hill, Tri- 
gical Survey of India. chengode Taluq, Salem District* 

BandM and findy granular aggregate of 
diopside. quarts, felspar, garnet (pink), 
and a highly refracring, highly-doiibly- 
refractingf colourless (in section) mineral, 
with very imperfect and seldom-developed 
cleavage in one direction. Estinctions 27^ 
to the cleavage : probably chondrodite. 

B. face of Sankandrug IiilU 
Massive garnet (colophonitc ?) pink in 
section, with granular diopside, calcite and 
quartz in bands. Large quantities of 
minute and doubly-refracting crystals of 
possibly the same minerals are scattered 
through the mass of garnet. The asso- 
ciation of calcite and diopside rd^Us the 
coccolitic crystalline limestones, and in the 
present instance they appear to be the 
.. results of alteration of the garnet. 

S. G. of ma8s«3'43* 

3 Specimens of minerals, from J. S. Gamble, M.A., i. Iron pyrites. 

the Slrmur State, sent by Director, Imperial 2. Common garnet in rhombic dodecahedra. 
the Raja of Sirmur, for Forest School, Dehra 3. Muscovite, with fragments of felspar and 
determination. Ddn. quarts attached, evidently part of very 

coarse granite. 

A specimen of rock, found in C. A. G. LilUngston, A zeolite allied to laumontite. 
the vicinity of the reserved Deputy Conservator of 
forests of the Darjeeling Forests, Darjeeling. 

Division. 

A mineral, found close to E. M. Johnstone, Octa- Iron pyrites (FeSs). If in large quanti- 
Simla, for examination. gon Cottage, Simla. ties, may be used for source orsulphur in 

sulphuric acid manu facture. Waloie and 
Co.p Coisipore, uses this material for this 
pur{>ose. 

•• Two sorts of rock, from J. Walter Ldlther, Agri- ' 1 . Quartz probably from a coar^grained 
Munjerabad, Mysore.” for cultural Chemist to the s granite now kaolinized* 5 
ezamination as to whether Government of India, ^ 

it is la/erite or not. Dehra Ddn. 2. Lithomarge like that of th# Nilgiris, 

Pulnis, etc., the result ^ decom- 
fiofjtion of a crystalline inicaceous 
rock at a high level, over 2,4^ feet. 
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LUt 0/ A stay t and Examinations made in the Laboratory^ Geological Survey of 
India^ during the months of February, March, and April, concld. 


Substance. 

j For whom. 

Result. 

Specimens of stones, from 
Shamsunderpore, Bankura 
District, believed to be sap- 
phires, for determinatioo* 

Rm Sourindro Mohun 
'lasfore , C.I.E., Pa- 
tburia Gbata Raj Bati. 

Almandine spinels. 

S. G. «* 3 614 

H. - 8 0. 

Isotropic. 

Specimens, waterworn. * 

A small piece of mineral 
found in the nei^^hbourbood j 
of the Jabalpur Pottery i 
Works. 

Burn and Co., Calcutta. 

Barytes (heavy spar). 

A substance found in Naini 
Tal. as an efflorescence on 
the surface of the soil, for 
determination. 

C. H. Holme, Executive 
Engineer, Naini Tai, 

Crude sulphate of alumina and iron, result 
of the decomposition ot iron pyrites. 

A specimen of nummulitic 
limestone from the Panir 
Tunnel, for determination 
of the white stuff in the 
stone, 

F. E. Robertson, Cal- 
cutta. 

Calcium sulphate « Alabaster. 


Postal and T ele^raphtc addresses of Officers^ 


Name of Officer. 

Postal address. 

Nearest Telegraph 
Office. 

T. W. H. Hughe* 




# 

• 


On furlough . 


... 

C. L. Gricsbach 





• 


Pishin . • 


Pishin. 

R. D. Oldham . 



• 

• 



On furlough • 


... 

T. H. D. LaTouche 



a 

• 

• 

• 

Sukkur 


* ikkur. 

P. N. Bose . 



* 


• 

• 

Calcutta 


Lalcutta. 

C. S. Middtemisi 


• 

% 


. 

• 

Ootacamund 


Oatacamund. 

P. N. DatU . 


• 

• 


- 

9 

Bbandara 


Bhandara. 

T. H. Holland . 



■ 

# 

. 

. 

Naini Tal . 


Naini T.I. 

W. B. D. Edwards 





• 


On furlough. 


... 

F. H. Smith 



# 

« 

• 


Harnai • 


Harnai. 

F. Noctling 



• 

• 

• 


Calcutta 


Calcutta. 

Hira Lai • « 



# 

• 

• 


Naini Tal 


Naini Tal. 

Kishen Singh • 



• 

• 

• 


1 guetta 

=sr=S=r=r'“' sie:— 


Quetta. 
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Donations to the Museum, 


DONATIONS TO THE MUSEUM. 

From ist February to 36TH April 1B94. 

A specimen of galena, with quartz and iron pyrites, from Maingays Island, Mergui 
Archipdago. 

Presented by Lieut. E. J. Beaumont, R.LM., Calcutta. 

A large specimen of quartz, with iron pyrites and gold, from No. 3 shaft, Anundpur, 
Singbhoom, Chota Nagpore. 

Presented by V. L, Hees (J. Mackillican Co., Agents, Oriental 
Prospecting Syndicate, Ld., Calcuita). 

Five specimens of quarts with iron pyrites and gold, from Chonkpazat Mine, Mawmaing 
Township, Katha District, Upper Burma. 

Presented by C. M. P. Wright, Wuntho, Upper Burma, 


ADDITIONS TO THE LIBRARY. 

From ist January to 31ST Mvrcii 1894. 


TiiU% of Book^> Donors. 

Beck, Dr* Ludwig. — Die Geschichte des Eisens. Abth, 1 . auflage 2, lief. 1 — 6, and 
Abth. II, lief. i. 8® Braunschweig, 1802-1893. 

Bronn, G.-— Klassen und Ordnungen des Thier-Reichs. Band III, lief. 7 — 9; 

IV, lief. 31-32 J and V, abth. II, lief. 35—40. 8° Leipzig, 1893-1894. 

Cassino, Samuel E, — Ihe Scientists* International Directory, 1894. Boston, 1894. 

Collins, A.L, — The Ghorband Lead-Mines, Atghanistan. 8°. Pam., London, 1893. 

The Author. 

Ditte, Lecons sur les M^taux. Supplement to Fasc. i, and Fasc, 2. 4® Pans 

1891 and 1893. 

Doblter, Dr. C. — Allgemeine Chemische Miiieralogie. 8® I.upzig, 1890. 

Harnisch, — Afghanistan in seiner Bedeuturg fur den \\ ’^ei verkehr. 8® Pam., 
Weimar, 1891. 

FIflmert, F. R . — Die Schwerkraft im Hochgebirge Insbcsoiidere in den Tyroler Alpen 
in Geodatischer und Geologischcr Beziehung. 4® Pam., Berlin, 1890. 

Hiloard, E. W * — A report on the relations of soil to climate. 8® Pam., Washington, 
1892. 

Jannbtaz, Ed* ; Fontenay, E., and Vanderhey?n, Fw.-— Le Diamant et pierres pr6cieuses, 
2nd Edition. 8® Paris, i88i. 

Kayser, Emanuel. — Lehrbuch dcr Geologic. Theil I. 8® S»’»ttgart, 1893. 

KvKVLh, Dr. R. und Tritbner, K . — Minerva J ah rbuch der Gelehrten Welt. Jahrgang 
111 , 1893- 1 S94. 8"* Strasburg, 1894. 

Lyman, B* S',— The great Mesozoic fault in New Jersey. 8** Pclui., New Jersey, 1893. 

The Author. 

Mineral Statistics of the United Kingdo.fi of G it Britain and Ireland, with the Isle 
of Man, for the year 1892. Fisc. London, 1893. 

Revenue \nu Aoricuhural department. 
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Tiilts of Boohs» DonorSn 

NiBOZWBiDz&i. -Eur Geologie von Wieliczka. 8° Pam., Lemberg, 1892. 
Paleontologie, Fran^aise, ire eerie, Anlmaux Invertebres. Terrains Tertiaires, Eocene 
Echinides. Liv. 30.31, 8® Pans, 1894. 

Pbtrino, 0 th Fretherr von —Die Bntstehung der Gebirgc erkl^ nach ihren 
Dynamischen Ursachen. 8* Paro,, Wien, 1879, 

Return of Mineral Production in India for 1892. Fisc. Pam., Calcutta, 1893, 

Rbvbnub and Agricultural Department* 
Return relative to the employment of women and children in the underground workings 
of Indian Mines, Fisc. London, 1893, 

Revenue and Agricultural Department* 
Retrr, Dr, Ed, — Geologische und Geographische Experimente. Heft i*2. 8® Pam., 
Leipzig, 1892. 

Reter, Z 7 f. Ursachen der Deformationen und der Gebirgsbildung. 8* Pam, 
Leipzig, 1892. 

Richthofen, Ferdinand F, von, — Festschrift zum Sechzigsten Geburtstag am 5 Mai, 
1893. 8* Berlin, 1893. 

Roth, Justus, — Allgememe und Chcmische Geologic. Band III, Abth II. 8° Berlin, 

1892. 

Roth WELL, R, P.— The Mineral Industry, its Statistics, Fcchriology, and Trade, 
in the United States and other countries from the earliest times to the 
end of 1892, Volume L 8® New York, 1893. 

Simony, Dr, Pr.— Das Dachsteingebiet. Pts, I— 11 . 4° Wien, 1889. 

SiMROTH, Dr, //’.—Die Enlstehung der Landtiere ein Biologischer Versuch. 8® 
Leipzig, 1891. 

Stappp, F, J/-— Les Eaux du Tunnel du St-Gothard. 4^ Berlin, 1891* 

Stoppani, Antoine, — Paleontologie Lombarde, ou description des fossiles de I om- 
bardie. IV. s^rie, liv. 39-4O1 pts. 1 — 2. 4* Milan, 1867 and 1881. 
Tecklenburg, T,— Handbuch der Tiefbohrkunde. B and I — V. 8® Leipzig, 1886 

1893. 

The Norwegian North Atlantic Expedition, 1876 — 1378. Vol. XXII, Zoologic, 
Ophiuroidca, by James A. Grieg. 4® Christiania, 1893* ^ 

The Editorial CommitteS. 
Wettstein, Z?r. — Die Stromungen des Festen, Flussigen und Gasformigcn und 
ihre Bedeutung fur Geologie, Astronomic, Klimatologie und Metco- 
rologie. 8^^ Zurich, 1880, 

Wolf, Teo/Zoro.— Geografia Y. Geologia del Ecuador. 8® I^lpzig, 1892. 

ZiTTBL, KaH d.— Handbuch der Palaeontologie. Band IV , abth L, hef. 3 8® 

Munchen, 1893- 


PERIODICALS, SERIALS, etc. 

American Geologist. Vol. XII, No. 3. 8® Minneapolis 93. 

„ Journal of Science. Vol. XLVl, No. 276 to XLVII, No. 27B. 8® New 
HavCn, 1893. 

», Naturalist. Vol. XXVII, No. 323 to XXVHl, No. 326. 8® Phil^elphia, 
1893-1894. ^ 

Annalen der Physik und Chemie. Ncue Folge, Band heft 4, and LI, heft ^•2» 8® 
Leipzig, 1893-1894. , 
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Additions to the Library. 


THUS Books. 

Annals and Magazine of Natural History, Vol. XIII, Nos. 73—75. 8® London 180^ 
1894. ' 

Atherasunn. Nos. 3451—3462. 4'® London, t893-!894. 

Beibiatter 20 den Annalen der Physik und Chemie Band XVII, Nos. ii-ia and 
XVIII, Nos. I — 2. 8° Leipzig, 1893-1894. * * ’ 

Chemical News. Vol. LXVIII, No. 1777. w LXlX.No. 1788. 4* London i8o>r8o. 
Colliery Guardian. ^VoL LXVI, No. 1720, to LXVII, No. 1731. PoI., London,* 

Geological Magazine. New Series, Decade IV, Vol. I, Nos. 1—3 8° London 180, 
Indian Engine^a-ing. Vol. XIV, No. 27, and XV. Nos. i-ii. Fisc. Calcutta, 

Pat. Doy le. 

Industries and Iron. Vol. XV, No. 1092 to XVI, No. 1103. 4° London. 1893..894 
Journal of Geology. Vol. I, Nos. 5—8. 8“ Chicago, 1893. 

London, Edinburgh, and Dublin Philosophical Magazine and lournal of Scionr,. 

Vol. XXXVII, Nos. 224-226. 8» London, 1893-1894. 

Mining Journal. Vol. LXII, No. 3042 to LXIV, No. 3053. Fol., London, 1893-1804. 
Natural Science. Vol. HI, No. 20, to IV, No. 23. S'* London and New York, 1803 
Nature. Vol. XLIX, Nos. 1259— 1270. 4 ° London, 1893-1894. ’ 

Neucs Jahrbuch fur Mineralogie, Geologic, und Palaeontologie. Band I h^ft . 

8’ Stuttgart. 1894. « neit I. 

Oil and Colourman’s Journal. Vol. XV, Nos. 161—163. 4° London, 1894. 
Palacontologische Abhandlungcn. Neue Folge, Band I, heft 5. 4° Jena, 1893. 
Petermann’s Geogrnohische Mittheilungen. Band XXXIX, No. la, and XL Nos . , 
4 ° 1893-1894. Th'k Kditor. 

Scientific American. Vol. LXIX, Nos. 23—27, and LXX. Nos. 1—7. Fol., New York 
1893-1894. ’’ ’ 

» .* Supplement. Vol. XXXVl, No. 935, to XXXVII, No. 046. Fol 

New York, 1893-1894. 

The Indian Engineer. Vol. XVIH, No. 351,40 XIX, No. 362. 4° Calcutta, 1893.1894. 

J. MacIntyri', 

Tsclfbrmak's Mincralogische und Petrographische Mittheilungen. BandXIII heft 2—1: 

8° Wien. 1893. ' 

Zeitschrift lur Krystallographie und Mineralogie. Band XXII, hefi 4-6. 8® Leipzie- 
1893-1894. ^ 

Zoological Record, Vol. XXIX, 8° London, 1S93. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Assam.— Census Report of India, 1891. Assam, Vol. 111. Fl.se. Shillong, 1893. 

Chief Commissioner, Assam. 
» Report on the Administration of thePro\ince of Assam for 1892-93. Fisc. 

Shillong, 1893. CiiiEi- C ommissioner, Assam, 

esqai. Census of the Lower Provinces of Bengal, 1891. Fisc. Calcutta. 1893. 

» Bengal Government. 

n Report on the Administration of Bengal for 1892-93. Fisc. Calcutta. 1893. 

Bengal Government. 
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Bombay.— Administration Report of the Bombay Presidency for ii392<$3. Fisc. Bombay, 

1893. Bombay Govbrnmbnt. 

„ Bombay Gaactteer. Vol. XXVI. 8® Bombay, 1893^ 

Bombay Government* 

n Magnetical and Meteorological Observations made at the Government 
Observatory, Bombay, during 1891 and 1892, with appendix. 4® 
Bombay, 1893. 

Meteorolooical Reporter to the Government op BombaYs 

„ Selections from the Records of the Bombay Government. New Series, 
No. 273. Fisc. Bomba), 1893. Bombay Government. 

Burma. — Report on the Administration of Burma for 1892-93. Fisc. Rangoon, 1893, 

Chief Commissioner, Burma. 

Central Provinces. — Report on the Administration of the Central Provinces for 
1892-93. Fisc. Nagpur, 1893. 

Chief Commissioner, Central Provinces 

Hyderabad.— Report on the Administration of the Hyderabad Assigned Districts for 
the year i892‘-93 Fisc. Hyderabad, 1893. Resident, Hyderabad. 
India.— Administration Report on the Railways in India for 1892-93, Part 11, Fisc- 
Calcutta, 1893. Revenue and AgriculIural Department. 

„ Census of India, 1891. General Report. Fisc. London, 1893. 

Revenue and Agricultural Department. 

„ Census of India, iSgi, Report on the Census of the District of Ajmere-Merwara 
taken on the 26th February 1891. Fisc. Calcutta, 1893 

Government of India. 

„ List of Officers in the Survey and other Scientific and Minor Departments sub- 
ordinate to the Government of India in the Revenue and Agiicultural 
Department, corrected to ist January 1894. 8® Pam., Calcutta, i89j,. 
Revenue and Agricultural Department. 

„ List of Officers of the Geological Survey of India, corrected to ist January 

1894. 8® Pam, Calcutta, 1894. Government of India. 

„ Monthly Weather Review for August to October 1893. 4® Calcutta, 1S93. 

Meteorological Reporter to the Government op India. 
„ Register of original observations, reduced and corrected, August to October 
1893 4® Calcutta, 1893. 

Meteorological Reporter to the Government of India. 
,, Selections from the Records of the Government of India, Foreign Department. 

Nos. 307-308. Fisc. Calcutta, 1893, Government of India. 

Madras. — Annual Administration Report of the Forest Department, Madras Presidency, 
for the 15 mpnths ending 30th June 1893. Madras, 1893. 

Madras GovBRNMBNTa 

„ Manual of standing information ^or the Madras Presidency, 1893. Flsc^ 
Madras, 1893. # Madras Government^ 

„ Report on the Administration the Madras Presidency for 1892-93. Flsc^ 
Madras, 1893. Madras Governmbm '4 
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Titles of Books. DOftots^ 

Mi4mAS,<-^Sfiteciion8 from the Records of the Madras Government. Vol. IV. Fisc. Madras* 
11B93. Madras Govbrnmpnt. 

PoKJABi— •Administration Report of the Punjab and its Dependencies for i89a«93. Fisc* 
Lahore, 1893. Pitkjab Government. 


TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc. 

Adelaide*— Transactions of the Royal Society of South Australia, Vol. XVI I, part 2. 

8° Adelaide, 1894. The Society. 

BALTiMOita,— Johns Hopkins Univeraty Circulars. Vol. XIII, Nos. 108-109. 4® 
Baltimore, 1893-1894. Johns Hopkins University. 

Batavia.-*- Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen. 

Deel XXXI, Afl. 3. 8® Batavia, 1893. Batavian Society, 

„ Tijdschrift voor Indische Taal-Land-en Volkenkunde. Deel XXXVII, Afl. 1. 

8° Batavia, 1893, Batavian Society, 

„ Verhandelingen van het Bataviaasch Genootschap van Kunsten en 
Wetenschappen. Deel XLVIII, Nos. 1-2. 4® Batavia, 1893, 

The Society. 

Berlin. — Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XX, 
Nos. 8— 10. 8® Berlin, 1894. 

„ Zcitsrhrift der Deutschen Geologischcn Gesellschaft. Bard XLV, heft 3. 

8 ’ Berlin, 1894. The Society. 

Bologna.— Memorie della R. Accadcmia delle Scienze dcllTstituto di Bologna. S6rie 

V, Tome II, fasc, 1— -4. 4° Bologna, 1894. The Academy. 

BuusiiEL.s.— Annuaire de T Academic Ro>alc des Sciences for 1892 and 1893, 

Bruxelles, 1894* The Academy. 

,, Bulletins de TAcademie Royalc des Sciences. 3""' serie, Tome XXII to 
XXV. 8° Bruxelles, 1894. The Academy, 

„ Mcmoircs dc I’ Academic Royale des Sciences. Tome XLVIII, XLIX, and 
L, part 1 . 4” Bruxelles, 1894. Tub Academy. 

„ Memoires Couronnds ct Aulrcs Memoircs. Tome XLVL 8® Bruxelles, 
1894. The Academy. 

,, Memoires Couronn^s et Memoires des Savants Etraj»gcrs. Tome LIL 4° 
Bruxelles, 1894. The Academy. 

„ Bulletin de la Soci^td Ro>ale Beige de Geographic. Ann^e XVII, Nos. 4-5 
8® Bruxelles, 1893. The Society. 

Caen.— Memoires de la Soci^t^ Linn^enne de Normandie, 2* serie, Vol. XVII, 
fasc. 2-3. 4® Caen, 1893, The Society. 

Calcutta.— Annals of the Royal Botanic Gardens, Calcutta* Vol, IV. 4° Calcutta, 
1893. Royal Botanic Gardens, 

Catalogue of Books in the Indian Museum Library. 8® Calcutta, 1893. 

The Museum. 

,, Journal of the Asiatic Society of Bengal. New Scries, Vol. LXll, Part III, 
Nos. 1—4. 8® Calcutta, i 893 -iS 94 . The Society. 

tp Proceedings of the Asiatic Society of Bengal, No. X. 8° Calcutta, 1894 

The Society. 

»5 



Records of the Geological Survey of India, [VOL, XXVif. 


TtYUs of Books, Dunors, 

Calcutta,— Froceedingd and Journal of the Agricultural and Horticultural Society 
of India, October to December 1893. Calcutta, 1893, 

The Sooiett. 

„ Records of the Geological Survey of India. Vol. XXVI, part 4. 

8*^ Calcutta, 1893. Geological Survey of India, 

„ Survey of India Department. Notes for December 1893 to February 1894. 

4^ Calcutta, 1893-1894. Survey of India Department, 

Cambridge.— Proceedings of the Cambridge Philosophical Society. Vol. VIII, part 2. 

8*" Cambridge, 1894. Tub Society. 

Cambridge, Mass. — Annual Report of the Curator of the Museum of Comparative 
Zoology for 1892-1893. 8^ Cambridge, Mass., 1894. 

The Museum* 

„ Bulletin of the Museum of Comparative Zoology. Vol. XXV, Nos. 

a — 4. 8* Cambridge, Mass, 1894. Tub Museum. 

Cincinnati. — Journal of the Cincinnati Society of Natural History. Vol. XVI, Nos. 2-3' 
8® Cincinnati, 1893. The Society. 

Copenhagen.— Memoires de TAcademie Royale des Sciences ct dcs Lettres de 
Danemark. 6"* serie, Tome VI I, Nos. 8-9, 8® Kjobenhavn, 1893. 

The Academy. 

„ Oversigt over det Kongelige Danske Videnskabernes Selskabs For- 

handlinger og dels Mcdlcmmers Arbejdcr i Aaret, 1893. No. 2. 
8® Kjobenhavn, 1893. The Academy. 

Dehra Dun.— Acrount of the operations of the Great Trigonometrical Survey of India. 
Vol. XV. 4® Dehra Dun, 1893. 

Great Trigonometrical Survey of India. 


,, Synopsis of the Results of the operations of the Great Trigonometrical 

Sur\ey cf India. Vol. XXXIII. 4® Dehra Dun, 1893. 

Great Trigonometrical Survey of India. 
Dublin. — Proceedings of the Royal Irish Academy. 3rd series, Vol. Ill, No.‘*'i. 

8® Dublin, 1893. Academy. 

„ Transactions of the Royal Irish * Academy, Vol. XXX, parts 5—10. 

4® Dublin, 1894. The Academy. 

Edinburgh —Proceedings of the Royal Society of Edinburgh. Vol. XIX. 8® 
Edinburgh, 1893. The Society. 

„ Transactions of the Royal Society of Edinburgh. Vol. XXXVII, parts 

1—2. 4® Edinburgh. 1893. The Society. 

„ Scettish Geographical Magazine, Vol. IX, No. 12, and X, Nos. i-a. 8® 

Edinburgh, 1894* Society* 

„ Transactions of the Royal Scottish Society of Arts. Vol. XIII, part 3, 

8® Edinburgh. 1893- Society. 

Florence. — Memorie per Servire Alla descrizione della Carta Geologica d Italia. 

Vol. IV, part a. 4® Firenze, 1893. 

^ Royal Geological Commission, Italy. 

Glasgow.— Proceedings of the Philosophical Society of Glasgow. Vol. XXIV, 8 Oa s* 
gOW. 1893. * THBSoCljTY. 

Gottingen.— Nachrichten von der Kdnigl, Gcacllschaft der Wissenschaften. Hos. 

I— 16. 8* Gottingen, 1892- The SocifrT. 
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Lausanhb.— Bulletin de la Soci^t4 Vaudoise dcs Sciences Naturelles. 3"* serie, VoU 

XXIX. No. 112. 8° Lausanne, 1893. The Socikty. 

LifcOB.— Annales de la Soci^td G^ologique de Belgique. Tome XX, liv. 2-3, 8® Li&ge, 

1893-X894. The Society. 

Liverpool.— Proceedings of the Liverpool Geological Society. Vol. VII, part i. 8® 
Liverpbol, 1893. The Society. 

London,— Journal of the Chemical Society. Nos. 373—375- London, 1893. 

„ Journal of the Society of Arts. Vol. XLll, Nos. 2143 — 2153. 8® London, 

1893-1894. The Society. 

„ Proceedings of the Royal Society. Vol. LJV, Nos. 326—329. 8° London, 
1893-1894. The Society. 

„ Quarterly Journal of the Geological Society. Vul. L, No. 197. 8® London, 

1^4. The Society. 

„ The Geographical Journal. Vol. II, No. 6, and III, Nos. 1—3. 8® London, 
1893- 1894. Royal Geographical Society. 

Manchester.— Memoirs and Proceedings of the Manchester Literary and Philosophical 
Society. 4th series, Vol. VI II, No. i. 8° Manchester, 1894. 

T HE Society. 

„ Transactions of the Manchester Geological Society. Vol. XXI I, parts 
13-14. 8* Manchester, 1893.1894. The Socu.ty. 

Melbourne.— Proceedings of the Ro}al Society of Victoria. New series, Vol. V. 

Melbourne, 1S93. Society. 

Moscow. — Bulletin de la Soci^l^ Imperiale des Naturalistes de Moscow. Ann4e 1893. 

Nos. 2-3. 8® Moscow, 1893. The Society. 

Munich.— Abhandlungen dcr Mathematisch-physikalischcn Classe dcr K. b. Akademie 
der Wissenschaffen, Band XVII, abth. 3, 4*“ Munchen. 1892. 

The Academy. 


„ Sitzungsberichte der Mathematisch-phjsikalischen Clause der K. b. Aka- 
demie dcr Wissenschaften. Heft 1-3 (1891), and heft 1-2(1892). f® 
Munchen, 1891-1892. The Academy. 

Naples.— Rendiconto dell, Accademia delle Scienze, Fisjche e Matematiche. S6rie II, 
Vol, VII, fasc. 8 — 12. 4® Naples, 1894, The Academy. 

Newcastle-upon-Tyne, — Transactions of the North of Englar*'. Institute of Mining 
and Mechanical Engineers. Vol, XLII, part 4 with Annual Report 
of the Council and Accounts for 1892-93, and List of Council, Officers 
and Members for 1893-1894, and Vol. XLIII, part i. 8* Newcastle- 
upon-Tyne, 1893. The Institute. 

Ottawa.— Annual Report of the Geological Survey of Canada. Vol. V, parts 1-2, with 
maps. 8® Ottawa, 1893. The Survey. 

PARis.-^Annales des Mines. 9"'* s^rio. Tome IV, liv. 9 — ix. 8® Paris, 1893. 

Department of Mines, Paris* 


"Annuaire Gdologique Universel. Tome IX, fasc. 2- 8® Paris, 1894. 

The Editor. 

Bulletin de la Soci^td Gdologique de France. 3** sdrie. Tome XX, No. 8, and 
XXI, No. 3. 8® Paris, iSgS. Thb Socibtv. 

Comptes Rendus des Seances de la Soci£td de Geographic. Nos. i6 — 18 (1893}. 
and Nos. 1—3 (1894). 8® Paris, 1893-1894. Thb Society. 
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pARiSb—Ministere des Trava UK Publie* Carte GWogique dc la France ot dea Topo« 
graphies Soutterrainea. Pan$» 1893. 

MiMiaTSRB Travaux P0BLI8S, Pabis. 

PniiADStPHiA* — Journal of the Franklin Institute. VoL CXXXVI, Na 6 , to 
CXXXVIl, No. 8. 8® Philadelphia, 1893-1894* Thb IwaritirTK, 
„ Proceedings of the Academy of Natural Sciences. Part IZ. 8° Philadei- 
phia, 1893. Thb Acaobmy. 

Pisa.— Atti della Societa Toscana di Scienae Naturali. Process! Verbali. Vol. VIII, 
pages 233—243, 8® Pisa, 1893. The Society. 

Rio de Janeiro. — Annuario Publicado Pelo Observatorio de Rio de Janeiro. AnnoIX. 

8" Rio de Janeiro, 1893. The Observatory. 

Rome.— Atti della Reale Accademia dei Lincei Rendiconti. Serie V, Semestre II « 
Vol. II, fasc. 10— n, and Semestre I, Vol. Ill, fase, 1 — 3. 8® Roma, 
1893-1894. The Academy. 

„ BoHcttino del R. Comitato Geologlco d’ Italia. Vol. XXIII, Nos. 1—4. 8® 
Roma, 1893. The Commission. 

Sacramento,— California State Mining Bureau* Eleventh Report of the State Mine- 
ralogist for the two years ending 15th September 1892. 8 Sacra- 
mento, 1893. California State Mining Bureau. 

Salem, Mass- — Bulletin of the Essex Institute. Vol XXV, Nos. 7—9. 8 Salem, Mass., 
1894. The Institute. 

St. Petfrsburo.— Bulletin du Comity Gcologique. Vol. XII, Nos. 3—7, and Supple- 
ment to Vol XII. 8.® St. Petersbourg, 1894. The Commission. 

Stockholm. — Sveriges Geologiska Undersdkning. 

Series A, a.. Nos. 108-109, 

„ A b.. Nos. 13—15. 

„ B. b , No. 7. 

„ C, Nos. 1 12 and 1 16—134. 

S"' Stockholm, 1893. Geological Survey, Sw^ehew. 

Sveriges Geolqgiska Undersokhing. Systematisk Fdrteckning Ofver 
Offentliggjorda Arbeten, 1862 — 1893. 8® Stockholm, 1894. 

Geological Survey, Sweden, 

Sydney. — Records of the Geological Survey of New South Wales. Vol III, part 4. 

4® Sydney, 1893, The Survey. 

„ The Macleay Memorial Volume of the Lmnean Society of New South 
Wales, edited by J. J. Fletcher, M. A. 4® Sydney, 1893. 

The Society. 

Toronto.— Fifth Annual Report of the Canadian Institute, Session 1892-93. 8® 
Toronto^ 1893. The Institute. 

„ Transactions of the Canadian Institute. Vol HI, part 2. 8® Toronto, 1893. 

The Institute. 

Venice. -Atti del Reale Istituto Venetodi Scienze, Letterc ed Arti. Serie VII, Tome 

hU disp. 18. 8® Veneziat 1893. The Institute. 

Viekka.— Mitthcilungen der Kais. K5nigl.<'Geographischen Gesellschaft. Band XXpCV, 

8® Wien, 1892. The Soc^ty. 

„ Verhandlungcn der K. K. Geologischen Rcichsanstalt, Nos. 11— ip. 8® 
Vienna, 1894. The Institute. 
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Washington. — Bulletin of the United States Geological Survey. Nos. 82—86 and 90— 
96. S'* Washington, 1891-1892. The Survey. 

„ Twenty-first Annual Report of the Director of the United States Mint 

for the jear 1893, 4® Washington, 1893. United States Mint. 
„ Bulletin of the United States National Museum. Nos, 39-40. 8® 

Washington, 1894. The Museum, 

„ Smithsonian Miscellaneous Collections. Vol. XXXIV and XXXVI, 

and Report on the Mechanics of the Earth’s Atmosphere. 4® 
Washington, 1893 The Institute. 

Yoko hama.— Seismological Journal of Japan. Vol. XVIII. 8® Yokohama, 1894. 

The Society. 

„ Transactions of the Asiatic Society of Japan. Vol. XXI. 8° Yokohama, 
1894. The Society. 

Zurich. — Neujahrsblatt heraus gegeben von der Naturforschenden Cesellschaft. No 96. 

4® Zurich, 1894. The Society. 

,, Vierteljahischrift der Nautrforschenden Cesellschaft in Zurich. Jahrg. 

XXXVIII, heft 3-4. 8° Zurich, 1894. The Society. 


G, 1 . C. P, O, -No, I D. O So 6ao, 
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The geological survey of india. 


Parts.] 1894; [August. 


On the Cambrian Formation of the Eastern Salt Range, By Dr. Fritz 
Noetling, F.G.S., Paloeontologistf Geological Survey of India* 
(With a Plate.) 

It is one of the strange features in* the Geology of the Salt Range, that the strata 
belonging to the older palaeozftc age have for a long time been misapprehended, 
although they form petrographically as well as palaeontologically a conspicuous series 
in the eastern part of -the range. While visiting the country during the season 
1893-94, I had the good luck when studying a section near Baghanwalla to dis- 
cover after a long search the first authenticated fossils in the Magnesian sandstone. 
Besides Bag Ip « walla, I was able to study the development of the Cambrian forma- 
tion at several other localities between that place and Khewra, which has put me 
in the* position to give a further contribution towards its interpretation, which to a 
certain degree must modify the views hitherto held. I regret that I am unable to 
give a description of the interesting fauna which I collected, but in accordance with 
the views of the Director of the Survey it has been decided to send the fossils to Dr, 
Waagen at Vienna, who is still engaged on the description of the Salt Range Fossils 
found hitherto, in order to enable him to give a more detailed and concise descrip- 
tion of this fauna. The way some Cambrian fossils were originally included by 
him, among those of carboniferous and pcrmo-carboniferous age, and the manner 
in which the question of the Cambrian fauna has even^j:.!^’ got mixed up in the 
discussion of the geological results of the study of the youngs i palasozoic fauna, tend 
by no means to render the whole matter intelligible to the student of Salt Range 
Geology. I therefore feel obliged, before communicating my own observations, to 
review the whole state of tliis question, 

/. — Historical Summary. 

nU Wynne ^ mentions for the first time the existence of pre-carboniferous 
rocks in the Salt Range, which according to the fossils they contained, were con- 
sidered of Silurian age. Mr. Wynne specially statts “on the strength of Dr. 
Waagen’s determination, who was able to free the internal aspect of a few of the 
valves, so as to enable them to be determine \ as belonging to two species of Obolus 
and Stphono/rela” that the “ Obolus shales ’ as they were thenceforth called, were 
considered to be of Silurian age. 1 he late Dr, Stoliezka was apparently of the same 
opinion as regards the generic position of these fossils page 68). 

> Geology of the Salt Range in the Punjab. Mem. Gcol. Surv. of India, vol. xiv, page 86. 
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Professor Waagcn, however, in his subsequent book on the Prod uctus Limestone* 
has abandoned the view previously held by him ; and in the preface even strongly 
combats the view of the Silurian age of the “Obolus/’ or, as he now calls them, 
the “Neobolus" shales. Piofessor Waagen after having particularly laid stress 
upon the intimate connection of the “ Pseudomorphic Salt-crystal Zone," the “ Magne- 
sian sandstone," and the “ Neoboliis bed," a view which is perfectly correct as we 
shall presently see, continues : “ We can fairly say this group follows immediately 

below upper carboniferous beds, and must thus be of lower carboniferous age. 
1 cannot see anything unreasonable in these deductions; and among all possibilities 
these seem to me again and again the most probable ones. Tlic paleontological 
facts are decidedly in opposition to the view of these beds being Silurian, not a 
single species or even genus being identical, and the geological facts, without 
straining them in any way, can be interpreted so as to let these beds ai)pear as of 
carboniferous age." 

I fully agree wth Dr. Waagen as to the appearance of the fossils, the chief 
forms of which belong to genera decidedly different from Odoius ; and that, failing 
the presence of further fossils of a decisive character, the Silurian age of the 
Obolus shales was no longer above every suspicion. On the other hand, I cannot 
help noticing the close relationship of the new genus Davidsondia with the genus 
OhoUUa^ Bill. I must confess that I think the genus David!^onella is so closely 
related to ObohUa^ if not identical altogether, that I would have preferred to have 
it included in that genus; and weighing the evidence thus at hand, I would have 
preferred to consider the Obolus shales of Silurian, rather than of Carboniferous age, 
for which view there was more support, palaeontological ly as well as straligraphi- 
cally, than for the latter one. Palseontologically, on account of a genus from the 
family of the Trimerellidae, closely related to, if not identical ObohUa ; strali- 
graphicaily, because the close connection between the Magnesian Sandstone group, 
the Pseudomorphic Salt-cryslal group, and the overlying rocks of undoubted 
carboniferous age is nowhere so well develope<l as Professor Waagen asbumf^s it to 
be, and as subsequent observations have proved. 

It is greatly to be regretted that the Subsequent discoveries were not made in 
time, so as to allow Professor Waagen to amend his views regarding the age of the 
Neobolus shales before the publication of Vcl. IV of the Sam-Ranoe Fossils 
containing the “ Geological Results"; otherwise he would not have been obliged 
to modify on page 51 ff. his views expressed on page 45, where he says: 
“ The name introduced by Mr. Wynne for this group was simpl v “ Silurian I 
cannot accept this name on several grounds. Firstly, the fossils occurring in the 
group, though exhibiting a rather old-looking habitus, cannot, cither gcncrically or 
specifically, be identified with Siluiian forms : then even if the beds should be 
proved to be of lower palaeozoic age, they could never be taken as equivalent to 
the Silurian in general^ but could no doubt only represent a siuall p.irl of it ; they 
are most intimately connected with the next following Magnesian sandstone, the 
Silurian age of which is also rather dSubtful. 

“ The fossils found up to the present in the group give no decisive evidence, 
but there is some hope that a new search ii\ these beds will furnish more exjiensive 
materials. Pending such new and better information, I abstain hcr<i from 

* Patscontologia Indica, Series xiii, Salt- Range Fossils, vol, i. Productus Limestone Fossils* 



PART 3.] Noktling Cambrian Formation of tne Salt Range, 


73 


reuttering my formerly expressed opinion that these beds were lower carboni- 
ferous. 

“ In the meantime it will be most advisable to give these beds a neutral name 
as *‘Dark shaly zone" or “Neobolus beds." 

Dr. Waagen's modification on page 54 is as follows : — 

“ With regard to the lower series, theie has been detected in the meantime not 
only the great discordance, w’hich cuts just through the middle of the division, but 
just while I write these lines 1 have a letter from Dr. Warlh announcing the discovery 
of Trilobitcs in the Neobolus beds — specimens which seem to be nearly related tn 
ConocephahUs. Thus it is no longer possible that the beds below the great 
unconformity which are of Permian and topmost Carboniferous age, should form one 
series with the more lecent strata above that unconformity, and, therefore, the Lower 
Series (Productus Limestone) of former times will have to be cut up into two." ^ 

The discovery of the Trilobites in the Neobolus shales made a fresh discussion 
of the age of that group necessary and on page gi IT Professor Waagen gives his 
final views as to the division and age of the pre-carbonifcrcus rocks. He divides 
the Lower Palseozoic series into two groups in descending order, viz.: 

S 3 shaly* zone (Salt-crystal Pseudomorph Zone 
of Wynne), 

2 Mapfnesian sandstone. 

1 Dark shaly zone (N’eobolus beds), 
f 4 Upper Purple Sandstone, 

I. Purple iandMone Rroup . ) 3 Rock lalt and red gypsum group. 

) 2 Gtey gypsum group. 

( I Lower Purple Sandstone. 

Professor Waagen further remarks, that the most important of these sub-divi- 
sions, from a palxontological point of view, is ihe Neobolus bed, but that “the 
demarcation of the sub-group is not very easily drawn, though its lower limit against 
the Purple sandstones of the preceding group is somewhat better defined than the 
upper one towards the INIagncsian sandstone.’^ 

A list of fossils, chiefly Brachiopoda, is then given, numbering nine species 
altogether; to which is added the description of the species collected by 
Dr. Warth numbering 2 species of Tiilobitc. , z Gastropod* nd i Bracliiopod, thus 
bringing the number of the fossils found in the Cambrian )f the Salt-Range to 14 
species altogether. 

In connection with this fauna the age of the strata is discussed, and Professor 
Waagen eventually (after having remarked that the head of a I'rilobitc, which had 
been found by Mr. Middlcmiss at Khussak in beds above the Brachiopoda stiata of 
the Neobolus beds, undoubtedly represented an OUnellus) adopts the following 
se(pience,of the faunas as represented in the Cambrian foiniation of the Salt 
Range : 

4. Olcniis faun.'i. 

3 Paradox ides faun.i. 

2. Oicnriliis fauna. 

1. Neobolus fauna. 

* By a misprint this passage says exactly the opposite of what the author wanted to 
expre^s; the beds below the great unconformity are not of Permian, but of older nge. If we, 
however, substitute the word “ above” for the word “ below” and further on read : ” with the 
strata be!ow that unconformity ” instead of " with the more recent strata above that nneon- 
formity the author’s views become quite clear. 
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I regret to say that I cannot agree with Professor Waagen in this view of the 
sequence of the faunas, which, quite apart from the pala'Ontological, is certainly not 
borne out by the factg from a stratigraphical point of view, aj 1 shall point out 
later on. 

As it appeared that the exact locality where Dr. Warth had first found the 
trilobites could not be traced again ; a party, consisting of Mr. Middlemiss and 
Mr. Datta, went up to the Sail Range to verify Dr. Warlh’s find. Mr. Middlemiss was 
lucky enough to find at Khussak fort hill, besides other fossils, some exceedingly 
well-preserved Brachiopoda and numerous fragments of "J rilobites. Mr. Middle- 
'iniss' has given an exceedingly clear and correct section through the Neobolus shales 
at Khussak, locating the beds containing fossils in such a distinct way that they can 
be easily recognized again. 


II,— The Geological Division of the Cambrian Formation. 

My time being rather limited, I devoted my attention chiefly to the study of the 
fossiliferous Neobolus shales, with no further object originally, than my own 
information ; but when in the course of these Studies I found that the Neobolus 
shales were intimately connected with the Purple sandstone below, and the Magne- 
sian sandstone above, 1 extended my investigations to these two groups also. As I 
had not, however, sufficient time to spare, I could not go into such details regard- 
ing the last two groups as I have done with the Neoboliis beds ; and the sections 
presently described deal chiefly with the structure of this series, and to some extent 
with that of the Magnesian siindstone, while no details arc given regarding the Purple 
sandstone. However, one of the principal facts I elicited was, that ihcic e.xists no 
sharp well-defined boundary between the Purple sandstone and the Neobolus beds 
(see section in Kbewra gorge), the dark red or Purple sandstone passing gradually 
by light coloured passage beds into the Neobolus beds. This proves that there is 
no justification for dividing the lower Palceozoic Series of the Salt Range into two 
distinct or equally important groups. 6f course the Purple sandstone will alwa)s 
have to be separated from the Neobolus beds ; but I do not think that the two-fohl 
division cart be upheld. I, therefore, propose the following sub-division of the Salt 
Range Cambrian, in descending order: — 

4. Bh.iganwalla group, or Salt-crystal pscudomorph zone. 

3. Jutana group, or Magnesian sandstone. 

2. Khussak group, or Neobolus beds. 

I. Khewra group, or Purple sandstone. 

The whole formation might be called the Punjab Province of the Cambrian forma- 
tion. 

I. The Khhwb^ croup or Purple Sandstone. 

There still remain some most interesting problems in the Geolojy of the 
Salt Range connected with this group; but not having studied its futures in 
detail, 1 do not venture to express a decided opinion. All I can say is that from 
what 1 have seen, I fully agree with the hypothesis promulgated by Mr. Miydlemiss, 

* Records, Gcol. Surv. of India vol. xxiv, page 24. 
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regarding the qnasi-intrusive nature o£ the salt-marl ; and that I thus no longer 
consider it as an inseparable member of the series of sedimentary rocks forming 
the Cambrian strata of the Salt Range. I do not want to dwell here on the origin of 
the salt-marl, this hypothesis having been so ably discussed by my colleague, 
Mr. Middlemiss ; all I desire to say is, that having accepted the above hypothesis 
as a most probable one, the salt-marl must be excluded from the series forming 
the lower part of the Cambrian formation in the Salt Range. 

Professor Waagen distinguishes four sub-divisions in his Purple sandstone 
group, one of which has.already been eliminated, namely, the Salt-marl. As regards 
the other three, I agree with Mr. Middlemiss, wIk» is of the opinion that Professor* 
Waagen's so-called lower Purple sandstone might much more easily be explained 
as an inversion of the ovei lying Purple sandstone. There remain, therefore, only 
the two upper members of Professor Waagen's sub-divisions ; as to the lower of 
which I am not in the position to give a definite, decision regarding its existence, 
because, as already pointed out, I have not so carefully studied the Purple 
sandstone group as •those higher up. Until further evidence is to prove the 
contrary, \ve may therefore assume that the Khcwia group consists of two 
divisions, the upper of which is formed by the ^‘Puiple Sandstone Group** of 
\V}nne, 

For details legarding this group I must refer the reader to Mr, Wynne's able 
memoir on the Geology of the Salt Range. All I can say here is that 1 frequently 
found rippie niarko, and ll.at it seems to me that the Purple Sandstone gradually 
thins out towaids west. It is certainly not so well developed in the western as m 
the eastern part of the Sail Range, So far no fossils have been discovered. 

Mr. Wynne states that the thickness of the Purple Sandstone varies from 200 
to 400 feet. 


2. Khussak group or Neodolus beds. 

The series immediately following the Khewra group has, from the earliest 
times, attracted the attention of the geologists working in the Salt Range, not only on 
account of the marked way in which the dark shales of tl)i^ ^-roup contrast with the 
dark red of the Purple sandstone below, and the light creai. ir ochre colour of the 
Magnesian sandstone above, but also because they are, whatcvei their real age may 
be, certainly ihc oldest foimalion in the Salt Range contpming fossils. 

The Khussak group consists of a series of more or less light cream-coloured 
Dolomites or Dolomitic sandstones in thin lav ers, alternating with thick beds of 
dark purple to black shales. The latter being generally preponderating, the 
appearance of this group is that of a dark-coloured band running along the slope . 
of the hills, and distinctly visible at a great distance. It is intimately connected with 
the Khewra*as well as with the Jutana group, although its boundaries are always 
well and sharply defined. Mr. Wynne states that the uii».kness of this group varies 
from 20 to 1 50 feet. There is no doubt that the Khussak group reaches its chief 
development in the eastern part of the* S. • Range, where it attains its greatest 
thickness, and then gradually thins out towards west." I was unfortunately un- 
able to visit those localities west of Khewra, where the Khussak group begins to 
die out ; and the study of the conditions in this part must be left to the future. 
It will be highly interesting to follow the gradual changes of the Khussak group 



70 


Records oj the Geological Survey of India. [VOL, XXVil. 


from east towardfi west, but for the purposes of that we must first study its typical 
development in the eastern part of the Salt Range. The detailed sections which 1 
give further on have proved that the Khussak group may be divided into five 
sub-divisions, which| although their local development varies greatly, are easily 
recognisable as such from the position which they invariably hold in the sequence 
of the beds, and from their fossils. These five sub-divisions are in descending 
order 

V. ZoN8 OF Olfnellus sp.— Dark compact shales thinly bedded, and subcocretionary, 
micaceous, but not glauconitic, containing MiiineToufl specimens of Brachio- 
pods probably belonging to the family of T^imerellidee, and fragments ol 
Trihbites, probably belonging to the genus OUn^llus at some localities; at 
others dark purple sott sandy shales without any fossils. Thickness 15 
to 18 feet. 

IV. ZoNB OP Neobolus warihi. — T hin bedded purple sandy and micaceous shales, 
full of Neotolus wartht Waagon. Thickness appoximatcly 15 feet. This 
Zone is separated from the preceding one by a band of hard glauconitic 
sandstone of about 2 feet in thickness, which, notwithstanding its small 
thickness, is very constant. 

111. Upper Annelid Sands tonf, — A series of hard cream-coloured sandstones, flaggy 
and glauconitic, alternating ^ith soft dark and shaly layers. Thickness about 
40 feet. According to Mr. Middlemiss, the top layer of this sub-divisiun con- 
tains many ** broken shells at Khussak fort hill, which 1 , however, could 
not discover again. 

11 . Zone of Hvolithfs wynnbi.— Dark purple shales with green patches, lumpy 
and very brittle. Thickness about 10 feet Contains numerous specimens of 
HyolithfS ivynnei WaagcOi besides Xcobolus (?) sp. and fragments of small 
Trilobxtcs, 

I. Lower Annelid Sandsfonf — A series of hard cream-coloured glauconitic 
sandstones, alternating with darker shaly partings or soft sandy beds. Except 
one isolated specimen of /fyo/i'r Acs and some bi*valves, the name wf which 
is not known to me, no other fossils have so far been discovered. The 
sandstone, however, is full of those worm-like traces, which are considered 
as the tracks of annelids- Approximate thickness about 50 feet. 

Zone V varies very much in its petrographical aspect, and at such 
places where it is typically developed as on the west side of the Bhaganwalla 
ravine, the southern slope of Khussak Fort Hill, or the western branch of Khewra 
glen, it forms two beds of dark shale separated by a light cream-coloured micaceous 
shale. The dark shale is bard, sub-concretionary, thinly bedded and contains 
numerous'fossils, which to my knowledge are the same in both layers. 

When not typically developed as in the eastern branch of Khewra glen, or 
the north slope of Khussak Fort Flill, or Bhaganwalla Fort Hill or numerous other 
places, it consists of soft dark purple sandy shales containing no fossils. Tlie most 
striking instance of this facial development may be seen at Bhaganwallai where 
on the right side of (he ravine, thi# zone shows its typical development, wfcile just 
opposite on the other side it shows its abnormal facies. We must therefore 
suppose that at the time of its deposit, at some particular parts a dark c|ay was 
deposited which formed the habitat of a fauna though small in spedes, numerous in 
individuals, while at other places a sandy soft clay of dark purple colour was 
deposited which presented unfavourable conditions for the existence of this Jauna. 
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The different facial development of this zone is a good deal responsible for the 
erroneous view of the sequence of the faunas as given by Professor Waagen. 
Professor Waagen was not in the favourable position of having his paloeontologicai 
conclusions supported by ft careful ly-worked-out section, he having only such vague 
terms as “ glauconitic sandstone " or dark shales to guide him ; and 
it is only too natural, that without knowing iherr relative position a mistake would 
occur. It is to be regretted that the fust observer, Dr. Waith, was unable to specify 
the position of the strata in which he found the* Tnlobites, otherwise this misunder- 
standing would never haUfc octmred. 

I have now to deal witii the distribution of the fossils, as determined by Profes- 
sor Waagen, throughout the subdivisions into which I have divided the Khussah 
group I confess that this is rather risky, and 1 am quite prepared that one or an- 
other mistake wdll take place, but considering that Professor Waagen constructed the 
sequence of the faunas in the Khussak gioup on the fossils as determined by him, 1 
must take die risk. 

However we have the following facts to guide us : — 

1. N{‘obolus Waagen and the clos*»ly related form Neoholuswynnei^ Waagen 

do not from \khat we know at present ascend higher than 'xone 17 ^ 
They niaj probably occur in the lower subdivision, but to my knowledge 
Neobolus wartht characterises zone IV. 

2. Olcnellus sp, is restricted to zone V at the top of the Khussak group. 

On page 92 oi his men^oir. Professor Wa-igen gives a list of fossils, staling that 
they come from the dark shales at the base of the group. They are the following 
species : — 

1 Dtsvinolepts graKulata Waagen, 

2 Stkisopholts ru^osa, Waagen. 

3 Ntobolus *<Darfkt, Waigcn. 

,1 Tvyntiii. Waagen. 

5 Lakhmina Itnguloitie^. Wari^en '^p 
0 „ \(juama. Waagt n Sp 

7, Lingtda kxurtnsis W-»agen, 
b ,, •sjartki. W'a I gen 
i) him Stella ^p. indet V, n.igen 

Altogether nine species. I refrain from expressing my vk ws as to their si’iecific 
independence, but 1 think that even Professoi Waagen will agree with me that 
the DtUyommaAiVii fossil can no longer be considcrd a FtneshVa, From personal 
examination of these tossils 1 can however li\ then position so lar that 1 am 
convinced that they do not come from zone V, the character of the rock still adher- 
ing to them proves that they must come from one oi the lower zones, most piobably 
from zone IV 

legards the fossils mentioned on page 104, the following are from the 
glauconitic sandstone . — 

Olenus (^’) indtcus. Waagen 
TnloLites gen. et sp. *ct. 

HyolUkes khus^akensts, Waagen. 

All I can say is that, to judge from the character of the rock, these fossils may 
come from any horizon in the zones I to III, e\en IV ; most probably from zone 
III ; they certainly do not come from zone Y. 
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As regards the fossils from the dark concretionary shales, 

Conocepf^flhies VMrihi Wftagen. 

TrilotiUs gen. et sp* indet. 

Hyolithts^wynrui, Waagen. • 

Orthii vattku Waagen. 

we may at once say that the term ‘‘ dark concretionary shales is as ill-chosen 
as possible, and would lead to serious misunderstandings. Ifyoli/hes wynnei is 
imbedded in a rock of purple colour, differing in no way from that in which the 
first-named fauna of brachiopods was discovered. . The^pther three forms come, 
‘ certainly from a light coloured rock, and Dr. King's doubts as to the exact horizon 
of Conocephalites warihi Waagen are fully justified. If my views are correct 
Hyohthds wynnei is chiefly found in zone II, although it may ascend higher up, 
while ConocephaJiies warihi and the two other forma may come from any of the 
bands of cream-coloured glauconitic sandstone that occur in zones I to III. 

Now the result of this criticism is, that the faunas do not exist in the sequence 
as depicted by Professor Waagen ; if we still adhere to the combination as given 
by him, the sequence of the faunas in descending over would be — 

Neobolus fc.ana, 

. Olenus fauna, 

Conocephalites fauna, 

if we take the Tnlobiies as the representatives of* the respective faunas. We would 
therefore have quite the inverted order in nature from that given by Professor 
Waagen on page 106, where he gives the sequence of the faunas as — 

4. Olemis fauna. 

3 Paradoxides fauna.* 

2 . OlenHlus fauna. 

1 Neobolus fauna. 

Now we further know that*whatever their respective sequence- may beT^ all the 
three faunas ; Neobolus, Olenus, and Conocephalites are below the Olenellus fauna, 
and the real sequence of the faunas would be in descending order. 

4. Olenellus fauna. 

3< Neobolus fauna. 

2. Olenus fauna. 

I. Conocephalites fauna. 

Such a succession of faunas in the lower Cambrian would however be against 
all experience if we suppose that the Conocephalites fauna represent the Paradoxides 
fauna, and if Olenus (?) indicus is really an Olenus^ As we however know for 
certain that 

(a) the fauna in zone V, as represented by the Oelnellus fauna, forms the top of 
the Khussak group ; 

(A) the Neobolus fauna (rone IV) is older than the Olenellus fauna ; 

{c) That the two Trilobites determined as Olenug (P) indicus and Conoee§halUes 
warihi must come from beds that are either older than the Neobolui fauna 
(zone IV), or at the outside contemporaneous with it t 

* Professor Waagen considers the Conocephalites fauna as the*equi valent of the Paradoxides 
fatina of Europe. 
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we must come to the conclusion that the two Trilobites, determined as Olenus (?) 
indicus and Conocephalites warthi, do not belong to the genera they are supposed 
to do, and that the two faunas, if they really exist as such, represent a perfectly 
different horizon from ^hal they were supposed to do by Professor Waagen, 
Here we will have to wait for future discoveries to throw some light on this rather 
vexed question. 

All that we can say with ceriainty for the present is, that at the top of the 
Khussak formation a fauna occurs, which is most hkely the equivalent of the 
Olenellus fauna of olhej countries, while for those faunas below it, no represent- 
ative can be found in the Cambrian strata of other countries. 

Professor Waagen’s view that the strangeness of the fauna of the Neobolus 
shales may be explained by the fact that it is older than any other Cambrian 
fauna, is therefore fully confirmed by the above arguments, only not quite exactly 
in the way he was led to conjecture. Until proved otherwise, the following species 
as representatives of the Neobolus fauna must therefore be considered as some of 
the earliest forms of animal life, viz,: — 

Neobolus warthiy Waagen. 

Neobolus wynnei, Waagen. 

Hyohthes wynnei, Waagen. 

• 

besides which there existed undoubtedly a rich fauna of various species of 
annelids whVh left ihcir tiaces in the shape of various tracks on the surface of the 
sandstones. 


3. The Jutana or magnesian sandstone group. 

No more unfortunate name could have been selected for this group than ^‘Mag- 
nesian sandstone.’* According to the analysis of its author, Dr. Fleming, Mt is a 
dolomite with an admixture of quartz sand. A specimen of Magnesian sandstone 
will lesemble any other rock but “sandstone,” The term Magnesian sandstone 
having however been adopted in all the papers dealing with the geology of the 
Salt Range, it would be inopportune to change it now. 

The Jutana group is naturally divided into five subdi ions, which, although of 
nearly the same petrographical habitus, are easily distinguis:.ed from a long distance 
even. The subdivision is produced by the occurrence of shaly, thinly laminated 
beds which easily weather and crumble to pieces, thus forming gently inclined 
sloping terraces between the bold cliffs below and above. The sketch of Jutana 
glen (see Plate 1) gives a very fair idea of the natural appearance of this group. 

Hitherto the Jutana group has been considered unfossiliferous, except the 
highly doubtful specimen of Sigmodus duhius^ Waagen, which, in all probability 
doe$ not come from the Magnesian sandstone at all : I was, however, lucky in dis- 
covering the first fossils which certainly prove the fati>i..-f'c connection of the Jutana 
group with the older Khussak group. 

When going up the Bhaganwalla ra^i' ^ I noticed that the surface of a thin 
band of hard limestone was covered with some fossils ; unfortunately I could, only 
secure without blasting, a fairly-sized piece ; this, however, was sufficient to prove 
that they represented a species of the genus Sienothica, On my return, comparing 

* See Wynne's memoir, page 88. 
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it with other species, I could not help noticing the great likeness with SUnoikeca 
rugosa, var. aspera^ Billingsy If my view is correct, this species would form a 
proof for the lower Cambrian age of the Magnesian sandstone. 

Besides this form, I found in a thin bed of rather hart! clay, resembling very 
much the dark shales of the Olenellus-zone, but being of light brown colour, about 
50 feet above the base of the Magnesian sandstone, some brachiopods, in one 
of which 1 think I recognize ^ Linguhlla. Another one resembles very, much 
Schizopholis rugesa^ Waagen, but I leave it to Professor Waagen to confirm these 
views or not. Ant how it seems to me that the lower part qf the Magnesian sand- 
stone group at least must also be considered of lower Cambrian age. 

As already pointed out, ihe changes in the composition of the rocks produce a 
natural division in this series ; in descending order we may distinguish the following 
subdivisions, as coming in numerically over the five zones given in page 76 : — 

X. l/ppER Magnrsian sandstone — The same as the middle Magnesian sandstone , 
and forming like that a bold clitf : thickness 30 to 40 feet. 

IX. Upper passage beds,- Petrographically apparently the same as the lower passage 
beds, and like those forming a gentle slope : thickness about 15 to 20 feet, 
VHl, Middle Magnesian sandstone.— A senes* of thickly bedded grey dolomite 
forming bold inaccessible cHflFs : thickness about 60 feet. 

VII. Lower passage beds.— A series of thinly bedded laminated sandy dolomite alter* 
nating with beds of greenish clay ; the planes of the sandstone are some- 
times micaceous and covered with tracks of annelids. Approximate 
thickness 20 to 25 feet. The outcrop generally forms a gentle slope 
VI. Lower Magnesian sandstone.— This subdivision msy agsm be divided into two 
parts, the lower one consisting of thmly bedded layers of dolomite or 
handy dolomite, separated by thin layers of clay, and terminating in a bed 
of brown hard clay, which contains brachiopods, although not very frequent 
ly In the lower parts pisolitic beds arc frr^quently met with, and on tin 
pane of one bed at least, Stenoihec% sp. is prett/^common The upper por- 
tion consists chiefly of thickly bedded dolomite of grey colour. Tlui..Ioi*er 
part sometimes forms a sort of a slope, while tho upper part stands out in a 
bold cliff. Approximate thicknes-^ luo feet. 

The above divi')ion can be recognized everywhere in the eastern part of the Salt 
Ilange, but it seems that already at Khewra the subdivision X, the upper Mag- 
nesian sandstone, has disappeared. Anyhow I couUl not trace it in section I, de- 
scribed in detail below. Now whether it really did not exist in that part, or 
whether it has been denuded afterwacds is a question that must remain open for the 
present. As we know that the Magnesian sandstone gradually disappears towards 
the \\est, it is not quite improbable that the Upper Magnesian sandstone, as noticed 
near Bhagan walla or Jutam, has already disappeared at Khewra. It would be 
highly interesting to follow the continuation of the Magnesian Sandstone vvest of 
Khewra, and to record in detail the changes that take place in its structure. I 
am fully convinced that this would result in some remarkable discoveries. 

4. The Bhaganwalia group qii Salt -Crystal Pseudomorph group. 

u 

With reference to this group, I must refer the reader to Mr. Wynne 's tand 
Professor Waagen's papers, as 1 have not devoted much time to its study, ^ but 

^ Charles D Walcott The fauna of the lower Cambrian o- Olenellus zone, UiDited 
Stetes Geological Survey, Tenth Annual Report, 1888-89, page 617, fig. 3. 
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several things seem to me beyond doubt. It is certainly most intimately connected 
with the Magnesian sandstone below, the flaggy layers can hardly be distinguished 
from the dolomite below. It is further certain that it dies out rapidly to the west 
and although still well developed at Khussak, it has nearly disappeared near 
Khewra. No fossils have yet been found in this group. 

I may here mention that at Khussak the top beds of this group have been worked 
up in such a way by the boulder t:lay that boulders are kneaded into it, while flakes 
of the Bhaganwalla group have been taken up and imbedded in the boulder clay. 
No further instance is required for the striking unconformity above the Bhaganwalla 
group, which was first noticed by Mr. Oldham ’ 


III, — Detailed Sections. 

Section I. In Khewra glen, just above the masonry wall damming up the 
valley, western branch, in descending order. 

17, Magnesian sandstone^ thickly bedded, standing out in a bold cliff, approximately 

60 feet. 

i6. „ very shaly and thinly bedded, forms a sloping escarp- 

ment 20 feet 

/5« thickly bedded and shaly towards the base, about too feet, 

forms a c onspicubiis cliff, 

Su/u iou* hard sh tieSj micaceous, but not glauconitic ; thinly bedded, to some 
extent concretionary ; thickness about 15 feet. Obohtla (?) sp. rare, 

i3 Cteam~C()loured sandstone^ ba»-d an«i flaggy in thin beds, 2 feel in thickness, 

/2. r>a%k purple shales^ occasionally with green patclies ; brittle and lumpy, very 
s.indv glauconltjc only to a small degree; 1$ feet in thickness. Neobolus 
warthi Waagen, very common, 

It, Light creavi'Colouffd sand:>tone, very glauconitic , formed by a sciies of harder 
beds .iliernating with softer layers, terminating in a well-defined bed of 
about 24 feet in thickncHS of very hard cream-coloured Magnesian sand- 
stone. Total thickness about 20 feet. 

10. Dark purple shales, lumpy and very brittle ; very glauconitic , numerous tracks 
of annelids ; 10 feet in thickness 

0. Dark purple sandstone, with lighter patches, micaceous a.- very glauconitic, 4 feet, 

tV, Creani'colotued sandstone, with purple patches, very glauconitic, 15 feet. 

7 Daik gieyish'green sanrf, with purple patches, 20 feet ; the clayey beds getting 
thicker towards the top, where they alternate with irregular layers of cream- 
coloured sandstone, which become honeycombed or cellular where exposed. 

6f Of eyish green sandy shales, 15 feet, the same as No 4. but daik purple patches 
occur frequently. 

5. Dhty green, coarse safirf, 2 feet lo inches. 

4, Oieyish-green sandy shales, ifl feet 3 inches in thickness. The shtJo is thinly 
bedded, and consists chiefly of thin layers of brittle sandstone alternating 
with equally thin beds of cUy. Numerous imrr* scions of on 

the sandstone 

3. Light coloured conglomerate, 2 feet in thickness. 

2. Creyish-green shale, 2 inches in thi^knc- which is followed by,— 

/. Purple sandstone in thick beds, approxim.ilely not less than 2oo fe'it tn thick- 
ness ; the top layers gradually get lighter and eventually change into a 
cream-coloured coarse layer which terminates the purple sandstone. 

^ Records, Geological Survey of India, Vol. xix 
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Owing to the inaccessibility of the cliffs, the upper part of the section could not 
be measured, and the thickness of the different strata is only given approximately. 

The various beds, of which the above section consists, which form a bold cliff 
in the upper part of the Khewra glen, can be divided into three larger groups, 
representing in descending order — 

C. Magnesian sandstone approximately 180 feet in thickness. 

B, Neobolus shales „ *140' ,, „ 

A. Purple sandstone „ 200 „ „ 

The above three members of the Cambrian formation of the Salt Range are so 
clearly visible from a long distance even, that they cannot possibly be mistaken, and 
altljough if examined closely, they gradually pass into each other, there is not the 
slightest doubt as to the actual boundaries. 

It now remains to be seen whether we are able to trace well defined sub- 
divisions in the above section. As regards the purple sandstone or Khewra gftiip, 
I did not try to sub-classify it, but as regards the Khussak and Jutana group 
(Neobolus shales and Magnesian sandstone), some exceedingly well defined sub- 
divisions can be marked out. 

In the Jutana group we can distinguish three subdivisions, viz,^ in descending 
order : — 

Vllt. Middle Magnenan sandstone hard and thickly bedded; thickness about 60 
feet. 

VI/. Skaly intermediate layer, with numerous annelid-tracks, about 20 feet. 

VI. Lower Magnesian sandstone^ shaly and thinly bedded in the lower, thickly 
bedded in the upper part , forms a bold cliff. Thickness about 100 feet. 

In the Khussak group we can distinguish five sub-divisions, which are well 
defined and which can be seen from a long distance, by either forming hold cliffs 
or gently sloping escarpments. In descending order, the subdivisions are as fol- 
lows 

K. Dark black shales ,* zone of Olenellus sp. Thinly bedded and sub-concretJWiary ; 

micaceous but not glauconitic. Forms a gently sloping terrace. Thick* 
ness about 15 feet. 

iV. Dark purple shales, lumpy and brittle, *one of Ncobolus warthi, Waagen ; tliick- 
ness 15 feet, separated from No. 5 by a bed of cream-coloured sandstone 
(Nos 12 and 13 of the above section). 

Ill, Glauconitic sandstone, A series of more Or le>s flaggy, hard cream-coloured, 
glauconitic sandstones, alternating with clayey layers. Thickness about 2o 
feet. No fossils except annelid marks. 

It, Dark purple shales, lumpy and brittle, micaceous ; 10 feet ; no fossil remains except 
annelid-tracks; generally forms a gently sloping terrace. No. 10 of the 
above section. 

/. Glauconitic sandstone, a series of creaip-coloured sandstones which are slightly 
darker towards the base, alternating with softer sandy layer;^ of generally 
darker colour. Thickness about $0 feet, excepting annelid-tracks, no organic 
remains. Includes in the above section the beds from No. 2 to 9 inclusive. 

Section 2. In Khewra glen, just above the masonary wall damming the' valley, 
eastern branch. * 

In the eastern branch of the Upper Khewra glen, the Jutana group (ian be 
studied a little more in detail, as owing to the northerly dip the strata con]f|>osing 
this group were brought within reach. As the beds forming the KhussaK group 
(Ncobolus shales) are exactly the same as in the western branch of the glen, except 
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that bed V (dark shales upper layer) is more like bed IV in its petrographical habitus, 
it is unnecessary to reiterate them again. The Jutana group consists of the following 
beds in descending order : — 

5. Cream-coloured hard dolomite^ in thick beds ; forms always bold cliffs. 

4. Thinly bedded^ floggy^ cream-coloured dolomi^, with numerous tiacks of 
annelids on the parting planes, separated by thin layers of greenUh clay: 
generally forms a gently sloping terrace. 

3. Cream-coloured hard dolomite in thick layers, separated by thin beds of 
greenish clay. No fo-^sils. Thickness about 70 feet. 

9, Dark shale, pretty hard, thinly bedded and sub-concreiioniry ; contains f.in- 
guella sp. ’ in small numbers. Thickness i foot 6 inches. This betl forms • 
such a distinct parting in the lower isagnesinn sandstone, that, notwith’* 
standing its very smalt thickness, it can be seen from a long distance, 

/. Cream-coloured hard dolomite, in thin fla*ggy layers separated by thin 
layers of greenish clay. Thickness 25 feet. 

Section 3. At Khussak Fort Hill, Southern Slope. 

The lower part of tin’s section could not be studied in detail, owing to the 
steepness of the slope which rendered it inaccessible. Mr. Middlcmiss* section 
V forms the lop of this section ; in descending order : — 

12. Magnesian sandstone, in thin beds. 

/r. Dark, hard shale, thinly bedded and sub-conoretionary, with numerous specimens 
of Obolella (?) sp, and fragments of Trilnbitcs, Thickness 3 feet 8 inch, 

10. r lK L ^irey, streaky, soft sandstone thinly bedded, thickness i foot 4 inch 

b. Light grey, thinly laminated, micaceous sandstone, in which darker streaks 

alternate with lighter ones, 3 inches. 

c , Dark brown coloured, thinly laminated, micaceous sandstone, which gradual* 

ly passes into the next bed ; thickness 3 inches. 

9. Dark shale, th\n\y bedded, but hard and fissile; micaceous, contains fragments 
of Olenellus sp and Obolella (?) sp. Thickness 2 feet 9 inch. 

Glauconitic shale, '6 inch, 

7. Glauconitic sandstone, thinly laminated, ’4 inch. 

6 . Glauconitic, soft sandszone,^\\.eti\^t\T\g with layers of hard, cream-coloured Stind- 
stone. Thickness 4 feet. 

5. Glauconitic^ sandstone, very hard, 0*4 inch. 

4, Dark purple shales alternating with flaggy layers of cr n-coloured sandstone. 

.< 4 «wf/z(^-marka.very frequent. Thickness 5 feet. 

3. Dark purple shale, with green patches, very micaceous, soft. Thickness 8 feet. 
Neobolus -wart hi, Waagen common. 

2, Cream-coloured sandstone, alternating with irregular layers of purple clay, ter- 
minating in a bed of hard sandstone. 

/. Purple sandstone. 

In the above section, beds Nos. 3 and 4 represent No. IV in the subdivi- 
sional grouping of the Khussak group which here has about 13 feet tliickneoS ; the 
sandstone parting between Nos. IV and V has 5 feet 2 inch in thickness, and then 
follows group No. V, the dark fossiliferous shales Wijicti. have an aggregate 
thickness of 8 feet 3 inch, represented by the beds from No. 9 to No. ii. 

Section At Khussak €^ort HaiI, Northern Slope. 

Although this section has been described in detail by Mr. Middlemiss, it will 

• The dcteimination of this form is doubtful. 1 refrain, however, from anticipating 
Dr. Waagon’s views. 
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be useful to give it here in detail, so as to tntdce comparison with other sections 
more easy. In descen ding Order : — 

to. Dark putpU skaU^ soft, lumpy and thinly bedded , capped by a bod of cream- 
coloured sandstone. Thickness lo feet. 

9. Cream-coloured saaddioftr I firm in the middle, but sh ily t»vard'« the basis, and 
alternating with clayey layers. Thickness 7 feet. 

S, Dark purple shale^ with green patches; very glauconitic and micaceous , contains 
numerous specimens of heobolus varthi Waagen. Thickness 2 \ feet. 

7. a. Hard cream-coloured sandstone^ alternating^ with thin soft layers ; thickness 
8 feet 6 inch. 

b. Dark sandy shale ; il| seen ; thickness 3 feet. 

c. A seriea of creatn-colourcd sandstone, alternating with thin clayey beds, terminat- 

ing with a bed oP hard cream-coloured glauconitic sandstone. Thickness 
8 feet. 

d. Dark purple shale ; thickness 3 fe#»t 

e. Hard cream-coloured sandstone 4 feet. 

6 Dark purple and green shales. - contains Hyohthes wynnet Waagep, an I 

• fragments of Trilobites. 

5. a, Crtam-coloured, flaggy sandstone ^ thickness 3 feet. 

h Dark purple and green shales; thickness 2 feet. 

c. Thinly bedded cream-coloured sandstone, thickness 3 feet. 

d. Lumpy, dark purple atid green shale, o 6 inch 

e. Hard flaggy, cream-coloured sandstone , thickness 7 feet. 

/. Dark soft shale, 1 foot, 

g^ Cream-coloured glauconitic sandstone; thickness 3 feet. 

4. Dark purple shaly sandstone^ alternating with harder beds ; thickness 30 feet 

J. Cream-coloured, glauconitic sandstone, alternating with thin beds of gn^enish 
clay ; thickness 10 feet. 

2* The same as before , ill seen , not measured. 

/. Purple sandstorre. 

Comparing the details of Mr. Middlemiss^ section, with that given abovcyit will 
be noticed that we differ sometimes, but 1 do not think this of great import- 
ance, because as soon as several of the lieds arc taken as a whole it will be seen 
that we fully agree as to the sequence of the strata. 

In the above section ; Nos, 2 to 4 represent Mr. Midillemiss' senes of ‘*palc 
cream-coloured, thin-bedded sandy layers with shaly partings and in egular raottlings 
of hardened purple clay, glauconitic and micaceous." No. 547-/, all the strata above 
this, but below his Lower Gallery B ; No. 6 represents the Lower Gallery B ; 
No. ya-e, all the beds above that but below the ‘‘ thin bedded purple sandy and 
micaceous shales”; No. 8 represents the “thin bedded purple sandy and micaceous 
shales”; No. 9, the beds between this and the following stratum ; No. 10, the thin 
bedded purple shales, inclusive of passage beds. 

With the greatest case we recognise in this section the five subdivisions of 
the Khewra Section subdivision I, includes beds Nos. 2 and 3 ; subdivision bed 
No 4, subdivision III, beds 5 to 7, su|)division II, beds 8 and 9, subdivision V, bed 
No. 10. I need not go into details regarding Mr. Middlemiss’ section, the five 
subdivisions will be easily recognised in his section, but sffll more so if his skiptch of 
Khussak Fori Hill is looked at, where they will be distinguished at the first giance. 

If we now compare the two sections of Khussak Fort Hill, it will be noticed that 
they ^materially differ in the development of subdivision V. Wc can easily identify 
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subdivision IV and the band of cream-coloured sandstone which separates it from 
subdivision V, but the latter shows a totally different development. Mr. Middlemiss 
has not expressed himself quite clearly in which way his section V correlates with 
section .IV, but if 1 interpret his section on plates i and 2 correctly, he thinks 
that the dark shales containing the rich fauna of Brachiopods and Trilobites are 
superimposed on the “ thin bedded purple shales above or in other words 
that they are not represented in his section IV. The examination of the Khussak 
group, as developed at Bhaganwalla and Khewra, has however f>roved that this view 
cannot be maintained, but that Mr. Middlemiss’ beds C and C^, the dark fissile 
shales, are only a facial, development of. the ‘‘ thm bedded purple shales " with 
which they are correlative. 

Section 4. At Bhaganwalla Ravine, Western Branch. 

The wild gorge just above the village of Bhaganwalla, shows some beautiful 
sections through the strata from the Purple 9and.stone upwards ; and hardly a better 
place could be selected for the study of the structure of the Salt Range, as some 
model flexures can be studied here in all their details. As however the sides of the 
ravine are either exceedingly steep or covered with debris from the Magnesian 
sandstone, it has not always been possible to give the exact thickness of each single 
bed, and in this regard the following section lacks in accuracy ; however I think that 
this is not of very great importance, as in this paper I chiefly want to demonstrate the 
sequence of the strata composing the Cambrian formation of the Salt Range, in order 
to give a reliable stratigraphical basis for the description of the fossils. In descend- 
ing order : — 

/J. Dolomiie in thick beds. 

i 2 . Dolomite, flaggy, in thin layers which are very brittle. 

//. Dolomite, thickly bedded. Thickness 150 feet. 

to, Cieenish grey soft shale, well defined ; containing Brachiopods {Lingulella ? sp.) 
in small numbers. Thickness from 6 inch to i foot, 

g, Dolomitic sandstone, in thin flaggy layers, some of which arc pisolitic, in the 
beds near the base a bed full of Stenotheca sp. Thickness 50 feet. 

Dark blue shale, ha'^d and sub-concretionary ; contains the same fossils as No. 
6, but ii^smaller numbers. 

7. Grey micaceous satuf stone, alternating witn dark clayey sf * ks, 3 feet. 

6, Dark black shale, hard and sub-concretionary ; contains a large number of 
Obolella (?) sp. and OUnellus sp. Thickness 4 feet. 

5. Plaggy cieam^coloured glauconitic sandstone, alternal..jg with thin beds of dark 
shale. 

4. a, Daik purple shales, with green patches, soft and lumpy , contains numerous 
specimens of Neobolus laarthi Waagen. 

d. Red of haid cream-coloured sandstone. 

c. Dark purple shales, thinly bedded. 

d. Band of hard cream- coloured sandstone. 

3. Dark purple shales, thinly bedded. 

2 , A series of thin bedded hard flaggy creani'Calowed sandstones, alternating with 
beds of softer sandstone or cl.iy. 

/. Purple sandstone. 

In the above sections the five subdivisions of the Khussak group are not 
so readily seen, owing probably to the incompleteness of the section directly above 
the purple sandstone; subdivisions Nos. V and IV can be recognized by the fossils ; 
wo know that bed No, 4 containing Neoholus warlhi must represent subdivision 



jjj HecQtJs^o/ tie Gedhgkal Survey of IndHu. [VOL xxvii, 

IV j then foHowe the eeparating bed of sandstooe^ whUe bed« 6 to 8 represent group 
No! V; beds 3 <1-^. must represent subdivisions II and III, while bed 2 represents 
the lower glauconitic sandstone. The chief interest remains in the fact that 
subdivision V is developed exactly in the same way as at Khussak Fort,, on the 
right bank of the ravine, while just opposite on the left bank it shows exactly 
the same development as on the northern slope of Khussak Hill. 




The Giridih (Karharbari) Coal-field, with notes on the labour and nvethods 
of working coal. By WALTER Saisb, D.Sc. (Lond ), F.G.S., A.R S,M.^ 
Mem. Inst. Civ. Engineers, Manager, E. 1 . R. Collieries. 

The Giridih {Karharbari) Coal-field. 

As every one speaks of this coal-field as the Giiidih Coal-field and of the mines 
as the Giridih Collieries, this name is suggested as a permanent title, Picvious 
references to this field are : — 

Dr McLelland in 1850. 

Dr. T. Oldham in 1852 and again in 1867. 

Mr. David Smith report to Government of 4 ndia in April 1S57. 

Mr, T. H. Hughes, Memoirs, Geological Survey of India, Vol. VII, 1871. 

Dr. O Feibtmantel, Ser. Xlf. Vol. Ill, Palmontologia Indica, 1879. 

Dr. Walter Saise, N. E. Inst, of M. and M. E.. Vol. XXX of 1880. 

Dr. O. Feistmantel, Ser. XII, 1 SuppI, Palieontologia, 1881. 

Th^ map and sections were made for the information of ihe Board olf Direc- 
tors, East Indian Railway Company, and they are placed at the disposal of the 
Geological Survey of India for general information and permanent recoid. 

The field is in the hands of a few owners, but its general structure which has 
been thoroughly worked out, is interesting and should be a guide to explorers in 
other coal-fields where similar problems may be presented. 

The field took its name from the Mouza Karharbari which occupies only a part 
of the coal area. It is situated in the Giridih Sub-Division of Hazaribagh and is 
connected with the East Indian Railway chord line by a branch from Madhupur to 
Giridih, 24 miles long. From Giridih station several branch lines serve the com- 
parries occupied in mining. 

1. Branch line to Karharbari Colliery, E. I, R. 

2. Ditto Seram pur ditto ditto. 

• 3. Ditto Kuldiha ditto Bengal Coal Co. 

4. Ditto Karharbari ditto Raniganj Coal Associaiioni 
All of these are shown on the plan. 

The coal-field has an area of ii square-miies, of which 34 square milea are of 
Ihe Talchir group, or unproductive measures, and 7 square miles are of ihe/Barakar 
-group, the balance is the krea of the two inliers of Metamorphic rocks. The 
Barakar scries contains the lower seam over its whole extent. ^ 
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A glance at the surface maps, Plates I and II, and the cross sections (Plate III 
accompanying this report) will shew that the field is contained between two or more 
parallel or nearly parallel faults which trend W. N. W. and E. S. E. On the east 
of the field there is a natural boundary as determined by working and borings of the 
Raniganj Coal Association. West, at Bayra, at Mathadih and Jogitand there are 
small extents of natural or unfaulted boundary. In the main, however, the boundary 
is faulted. Starting at Bayra we find the fault running eastwards and throwing the 
Karharbari lower seam down to a depth of 450 to 500 feet. The fault is accom- 
panied by intrusions of trap which have seriously affected the seam for some 
distance from the fault. Towards Giridih the boundary, for a time faulted, and 
then natural, turns through Mowlichua and Kuldiha and then bends suddenly to 

i e east and runs towar^ls Dandidih. From Kuldiha to Dandidih the boundary 
j^aultcd, the lower seam being about 200 feet in depth (^see Sketch Section 
lie II). 

In the Geological Memoir on the Karharbari Coal-field this ground is called 
barren; see page 35 of Karharbari Coal-field,’ Vol. VII, Art. IV. 

Here and there on the surface, patches of Talchirb (not shewn in the plan on 
account of the scale) exist. A good example is seen in an incline made by 
the Bengal Coal Company into a seam of coal (see plan II at N). The excavation 
exposes the metamorphic talchirs and coal seam all faulted as m sketch (PI. VI, 
fig. i). At Dau h'dih the boundary turns back and a curiously comphc^ated bit of 
faulting is seen for some distance. At P an example of faulted boundary is well 
seen in Baboo’s inclines This incline is opened m Talchir shales and exposes 
the seam, as in sketch, fig. 2, faulted down to the north, 

A large portion of the eastern boundary is apparently natural until we reach the 
southern fault at Choonka. Passing lo the west along this fault we find two 
patches of the lower seam, wa,, at Choonka and Domahani exposed to-day. 
Along the rest of distance the lower seam lies at depths varying from 200 feet to 
1,000 feet. 

The thick seams cropping out at Khundida, Kope, Jatcoii, Lonsadih and Oopardaha 
GhAts are not representatives of the lower seam as mcntionec* n page 33 of the 
Geological Memoirs on the Karharbari field, but belong to the highest beds of the 
coal-field. 

Along the southern boundary, as along that on the north from Kuldiha and 
Dandidih, are small patches of Talchirs brought up by the fault. At Oopjrdaha 
is a good section in the Khakoo Nuddi. 

A ridge of the boulder bed crosses the stream and separates the mctamorphics 
from the Barakars as in sketch PI. VII, fig. 3. On to the west the lower seam 
re-appears at SSKgliat not quite naturally, but with Talchirs underlying it. From 
thence to R^nuddi and Dhobidih going eastward the boundary is concealed by a 
fault. At Mmnuddi it is natural for a shoit distance and then faulted. The fault 
forming the boundary there (from Ramnuddi through Moheslundih to Jogitand) 
continues past the escarpment of the hills Bhaduuah and Lunki and appears to run 
into the faults which define the eastern boundary at Dandiaih and Buriadih. 
The boundary turns from Jogitand where it is natural acioss Mathadih (faulted) 
to Bayra where it is natural and joins the northern fault at the starting point of this 
description. 
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Coal Seams. 

The seams of coal^ of which there are many* see Plate VI* may be'^rouped 
thus 

I. Hill seams. 

a. Karharbaii seams. ^ 

The first group to claim attention comprises the Hill seams so-called, because 
they were first noticed, and worked in the Bhaddoah and Lunki Hills which form a 
distinctive physical feature of the coal-field. It must not be supposed that because 
they are called Hill seams they do not occur elsewhere. They sink into the plains 
on the south and the lowest of them is at Khundiha, 200 feet in depth. There are 
four distinct areas in which these seams occur, and they can be seen in the skeleyH 
plan, PI. II, prepared to shew the structure of the field without the topogra] 
which obscures the details. From east to west they are : — 

On the east — 

1. Khundiha, Kope, Fruthdee hill, Lunki hill, about 400 acres. 

In the centre of field — 

2. Bhadooah and Agdonihand Baniadih, about 230 acies. 

3. Keri hill. 

On the west — 

4. Jatcoti hill and Oopardaba and Lopsadih Ghats, about 283 acres. 

PI, III shews the sections of strata in these areas and the coal seams that occur. 

These are many in number and great in thickness, though in the borings where 
proved are not all good. The ash varies from 13 per cent, to 55 per cent. The 
amount of ash is given in that section. The two Bhaddoah seams, which lie at the 
base of these scams, have long been known, and the lower or Bhaddoah 
seam has been extensively worked by the Bengal Coal Company and East Indian 
Railway. For many years 50,000 to 60,000, tons were raised from this seam. 
The coal is easy working and the roof good. Cropping out in the hill sides, the 
mines were easy of access for new and inexperienced labour ; and many hundred of 
the coal-cutters were trained in ihis seam. The Bhaddoah seams occupy the whole 
of the areas shewn, the overlying thicker seams only occupy a portion on the south. 
The sections in PI. Ill shew that at Khundiha there is a total thwJtness of 8o 
feet in these seams. At Agdonih 33 feet and at Jatcoti hill 96 feet. It is probable 
that some good coal will be found In such a thickness. The smallest and largest 
amount of ash in each seam is figured in PI. 111 . The relations of the Hill seams 
to the underlying Karharbari seams, and the way they crop out in the hills and 
sink to the south under the plains are exemplified in the sheet of scions acros^ 
the coal-field.—- Vtdt PI, I. These sections are drawn to a small 'tcale, so the 
PI. II is drawn to 100 feetssi inch to give detailed sections of strata on the lin^s 
of Section A.B. C.D, E.F., and G.H. 

Below the Hill seams come what I have called the Karharbari seams, the 
upper and lower seams. The lower seam exist? in workable thickness over 
whole of the coal-field, but the upper seam is only found workable on the north 
the anticlinal at Bhandaridih, Chaitadih, and Mowlichooah. The lower seam extend? 
over the whole of the Barakars which cover a space of 7 square miles. It is 
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uniformly good, specimens from Sati Gh^t, Ramnuddi Mathadi, Jubilee Pit (600 
feet deep), 16A on the east and from 2 3D on the north being of the same quality. 
The coal is softer in some places than others, and where the seam thickens as 
it does towards the east up to as much as 30 feet in thickness, the lower part of the 
seam is poor. There is, however, seldom less than 12 feet of excellent coal, — ^the 
finest steam coal in India. The general section of the field, PI. IV, shews many 
seams below the Hill seams ; they are 4 feet thick and less, and it is not to be 
expected that they will receive much attention until the lower seam becomes scarce. 
They are useful as guides in boring and sinking. 

It will be seen that the three greatest depths to the lower seam are at or about 
boring 90 where main seam is probably about 800 feet deep. 

Feet. 

At Jubilee Pit, No. i ..... joo 

Jatcoti Hill, No. 37 shaft 980 

Oopardaha Ghht, No. 291 boring . , . 736 

The topography and features of lliej^field are not here described, as there is 
nothing to add to former memoirs. For the same reason a detailed description of 
the various beds of the Talchirs and Barakars is omitted. 


TERM!Nc:.orrY ; Taixhir— Barakars PREFERRED TO Talchir— 

Karharbari beds. 

It will be observed from the surface map that all the rocks below the Karhar- 
bari lower seam are classified as Talchirs and all above as Barakars. This is a 
return to the classification of Mr, Theo. H. Haghes in his Memoir published in 
Vol. VII of the Memoirs of the Geological Survey. 

The proposal made by Dr. Feistmantel in 1879 ^^>^d 1881 to consider part 
of the coal-bearing strata as more allied to the Talchirs than the Barakars, and to 
call them Talchir-Karharbari beds appears to have been mdde on insufficient 
grounds. The chief grounds were the rarity of Vcrt€hro-''t indica (though later 
they were found to be present numerously in the lower sea* ’ and the presence of 
large numbers of Gangamopteris in the Karharbari upper and lower scams 
(*» 2, 3 of Geological Survey). 

It should be noted that the Hill s earns (No. 4) were left to the Barakar sub- 
division, although Gangamopieriz is found — it is said rarely. Apart from the fact 
that the Karharbari upper and lower seams being of fine quality were opened 
out in many localities and extensively worked, these seams contain shale which 
preserve fossil plants. There was therefore every likelihood 01 finding an abundant 
flora. 

The Hill seams have been less worked and the strong sandstone roof rarely 
preserves fossils. The shales, too, when present are micaceous and fossil imprints 
are indistinct. Further, these seams have not ’ ^en worked, except the Bhaddoah 
seam, and fossils were for the above reasons tew and far between. The fact that 
Gangamopteris has been recognised in the Hill seams (No. 4 burnt, see Vol. Ill 
of Geological Survey, Palceontologia liulica) and that Vertehraria mdica is numerous 
in the lower seam points to a connection between them. 
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Since the above proposal was made a shaft has been sunk through the Hilt 
seams down to the lower seam, and the sandstones, 600 feet thick, shew no alteration 
from top to bottom. There is certainly no reason on physical grounds for taking 
any point in the 600 feet of strata and classifying the rocks above as Barakars and 
those below as Talchir Karharbari beds. The lower seam forms, however, a 
division between two very dissimilar series of rocks, viz , those lying above it and 
those lying below. The sandstones, and they predominate, are all alike above the 
lower seam and are different to those lying below in colour, grain and texture. 
The evidence of the mineral character of the strata is strongly in favour of grouping 
all the coal-bearing strata together, and the palaeontological evidence is too weak to 
upset this view. The strata from the top of the Hill seams down to the lower seam 
are all known. They are chiefly sandstones, all of the same character and contain 
few beds of shale and other rock. Below the lower seam, at the Malhadih end 
the field, there are peculiar greenish, yellowish loose sandstones, altogether unlike 
the sandstones overlying the lower seam. At the Serampore end of the field the 
lower scam rests on the blue Talchir shales. 

Besides the inadequacy of the evidence for including some of the coal seams 
with the Talchirs, it is also a great convenience to have some solid land mark 
like the lower seam as the boundary between the two series— one altogether 
without coal and rich in shales, and the other rich in coal and poor in shales. 
For these reasons the lower seam and its rock floor are taken as the lowest 
beds of the Barakars. all below being considered Talchirs. In this coal-field there 
are no examples of overlap of Talchirs by the Barakars, indicating unconformability 
Sandstones thin out and disappear in a few hundred feet and re-appear in as many. 
For example, the thickness of sandstone between the Karharbari lower and upper 
seams and Serampore near 16 A shaft of the East Indian Railway is over 400 feet. 
At 40 shaft Karharbari Colliery it is 150 feet. Similarly, the 9 feel of sindsione 
separating the two divisions of the lower seam at 16 A sinking dies out in less 
than 300 feet. The disappearance of the Talchir sandstone in places is patnllel 
to the above examples and indicates only a want of material at the period of 
deposition at that particular point and does not mean unconformity and all that 
such a term implies. 

The Talchirs exist all over the coal-field. Of this there can be no doubt, as 
wherever the lower seam comes to-day, the Talchirs are found, and all round the 
boundary, as described above, the boundary faults have brought up patches of the 
Talchirs. The total thickness of the whole of Talchirs, where best developed at 
the Sookmed nuddi, east of Buxidih, cannot be more than 300 feet. The greatest 
thickness of Boulder bed is 22 feet, and yet we meet these beds all over the field. 
'I his is a proof that there was no period of erosion between 1 alchirs and Barakars 
in this field. The difference between the conditions of deposition of the beds of 
Talchirs and Barakars is, however, great and the different facies of the two groups 
justify their separation. 

Faults Und Dykes. 

Faults are numerous and are sometimes of great throw in the coal-field. They 
run more or less parallel to the boundaries of ^he field. They die out rapidly and 
increase in throw rapidly. The same fault sometimes dips to the north and a ^lort 
distance away it turns to south. Faults occur in the lower seam that do not ^xist 
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m the upper ; and the throw of a fault in the lower seam is greater than in the upper 
seam. This indicates that faulting takes place along old lines of fracture. No 
cases of reverse faulting have been observed in this field. All the faults can 
be read by the usual rule that ihc dip or hade of the fault shows the direction of 
dislocation. 

Dikes are not shown on the map, partly because they are laid down in the map in 
Vol. VII of Memoir, and because they would crowd the plan with too many details. 
The existence of dykes on the surface does not indicate the extent to which the 
seams are damaged which they traverse. A dyke that crosses the seam vertically 
on its way upwards damages only a few feet. As a rule, the greatest darunge is 
done when the trap intrudes into the seam coking and charring thousands of tons 
of coal and yet never showing on the surface of the ground. 

Two examples arc here given from the lower seam (PI. VI, figs. 4, 5); — 
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Jhama is the nalive term for coked or charred coal. It is interesting to note 
that natives have got to understand the relations of dyke matter to the burnt coal. 

The traps in the above examples arc mica peridothes. 

There appear to be two or three kinds of trap in the field and a bed just under 
the Khundiha scam that looks like tuffa. As Mr. T. H. Holland of the Geological 
Survey h<as this matter in hand, no more is said here on the subject. An 
interesting chapter will doubtless be the result of his investigations. 

One point seems worthy of attention, and that is the probability that the faulting 
that formed the field contributed at great depths to the production of the trap. 
An interesting example of a boulder brought up in a trap dyke right through the 

Talchirs into the Karharbari lower seam was found ’ 23 B shaft. The 
boulder was about 3 feet in diameter and was from the meu* iiorphic rocks under- 
lying the coal-field. 

Economic Summary. 

The main source of mineral wealth of the field is the lower scam which is of 
uniformly good quality and considerable thickness. The quantity of ash m the 
coal varies from 3*5 per cent, to 12 per cent., but the average composition may be 
taken as under : — 
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The coal cokes easily, both in open kilns and in closed ovens, both of which are 
at work in the coal-field. The outturn of coke is not inconsiderable and probably 
amounts to 30,000 tons per year, which quantity finds a ready sale and is 
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on the East Indian Railway. The fofttndry coke made from this seam is very dense 
and will not float in \eater. The excellent steaming power of the coal may be seen 
from the results of its use by the East Indian Railway Company. The high speed 
of the mail service by the chord line shews that the fuel is good. 

The area occupied by the lower seam is 7 square miles or 4,485 acres exactly. 
The average thickness of this seam is 15 feet 4 inches (see Plate V). The quantify 
of coal p this seam is therefore 112,836,712 tons. 

The upper seam is also a coal of excellent quality but of limited extent. It will 
be seen in the shaft and boring sections that except on the north of the anticlinal in 
the area drained by 23D shaft of the East Indian Railway Company, it is so thin 
as not to attract attention. The composition of this coal is as under 


Fixed carbon •.«•••••. 60*46 

Volatile matter •••«••••• a8*ii 

Ash IV 9 ^ 

Specific gravity , * . 1*33 


This seam is worked over an area of 1 50 acres. In Plate V, it will be seen tlmt 
the average thickness is 6 feet. This means a tonnage of 1,452,600 tons. The 
seam will be exhausted in about five years’ lime. 

The Bhaddoah main seam, formerly extensively worked, is now left unworked. 
The following are two analyses of the seam where it was largely worked : — 
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This scam is not so persistent in quality as the Karharbari upper and lower 
seams. It extends over 913 acres but we may take only 400 acres to allow'for 
variations in quality. The average thickness is 6 feet {vide Plate V). This means a 
tonnage of 4,083,840 tons. 

Of the rest of the hill seams it is difficult to forma conclusion. The total average 
thickness, excluding Bhaddoah main seam, is 66 feet, and this over an area of 200 
acres, which is probably the total area covered by these thick scams, there would 
be 22,461,120 tons. As much of this is bad, it would not be wise to take all this into 
account in computing the available coal in the field. Much of it, however, contains 
20 per cent, to 25 per cent, of ash only, and this can be worked and sold especially 
in times of heavy demands. The coal can be cheaply worked and sold cheap* 
It is proposed therefore to consider that a quarter of this amount is available or 
5,615,250 tons. 

Summing up, we have coal in — 

Tons. 

Lower seam , , .... • . • 112,836,712 


Upper scAm i|4i2,6oo 

Bhaddoah main seam .... ...» 4 i^> 83»840 

Other Hill seams • 5>6i5,25o 


123,988402 
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For faalts, trap, intrusions, and loss in workinj^r allow 25 

cent 30i997floo 


Tons. 

Already raised from 1857 to December 1893 • 9 »3S8.ooo 

Probably lost in working 


92.991,302 


10,358,000 
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82,633.30a 

The present output from this field is about 600,000 tons per annum. At this 
rate the life of the field may be taken at 1 38 years. 


Amountof coal owned The East Indian Railway Company own 3,341 acres 
by East Indian Railway of the Barakar series and the quantity of coal in the lower 
Company. seam and upper seam is — 

Tons. 

Lower seam . . 84,055,064 

Upper seam 1,452,600 


Total . 85,507,664 

Less 25 per cent, for faults, traps, dykes and loss in working 21,376,916 

Net . 64,130,748 

Z^acTfidr^-already worked . 5,858,000 

58,272.748 


which, at an output of 400,000 tons per annum, means a life of 145 years. The 
lower and upper seams only are taken into account as the hill seams will not w'ork 
to the high standard required by the Locomotive Department of that Railway. 

In 1861, in his paper on the Ranigunj coal-field, Mr, W. T, Blanford de- 
scribes the method of mining in that field. This may be taken as typical of the 
system in vogue in India at that time ; so it may be as well to describe the methods 
in use in the year 1S94 in the Karharbari Coa’-f^cld. It wil. m ow that in 33 years 
considerable advance has been made in mining methods and , pliances. 

The field is owned by the East Indian Railway Company, Ihe Bengal Coal Com- 
pany, the Ranigunj Coal Association, the Equitable Coal 
Company, and a few native owners. 

There are no open workings and very few shallow ones. Inclines are still used 
to let the men walk to their work even when the working 
places arc 500 feet deep from surface. The miner and his 
wife like the comparative freedom that follows from this mode of ingress and egress 
as compared with shafts when people can only be raised when coal winding ceases. 
Efforts are therefore made to preserve these incline roads, as it is a matter of im- 
portance to please the miners 

These vary in depth from 80 feet to 650 fee. ind are of varying sizes from 10 feet 
to 14 feet diameter In the East Indian Railway collieries 
the favourite shape is elliptical and (he sizes are 15 x 13 and 
13x11. The number of shafts in the field is large, but sinking is not expensive 


Owners. 


Collieries. 


Pits or shafts. 
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and the shaft never requires lining except near the surface or in a faulted stretch of 
ground. The faulted nature of the field has also increased the number of shafts, as 
Indian stone-cutters are first-rate sinkers but slow drifters, and it is a quicker job 
to sink a pit than to cut a fault in cases where coal is shallow. Shafts are sunk by 
natives who have Karnt to use dynamite and electric firing; the average rate of 
sinking has risen to about 15 to 30 feet a week. 

Coal is drawn out of shafts in cages in iron and wooden tubs holding from 
8 cwt. to I a cwt. each. Nearly all shafts are fitted with 
c^Methods of drawing guides of ropc or rails or wood, and handsome pit-heads of 
lattice iron work or teak wood have taken the place of the 
gin pillars of ao years ago. Winding engines vary from direct acting (llengal 
Coal Company) to second motion engines, and no gins are now at work in the field 
for raising coal. There are still a comparatively large number of shafts at w'hich 
small quantities of coal are raised, but the increasing depth of new winnings will 
lead in a few years to concentration of output to fewer shafts ; and machinery capable 
of pulling out 400 to 500 tons per day will be required. 

Coal is also hauled out by hauling.engines, the roads being of i' 9" gauge and 
nunber of tubs hauled in a journey 6 to 8. 

Is done by powerful pumps — 15" plunger sets — 12" lifting and 9" lifting and 
. . Tang>e’s specials. Ihe East Indian Railway Company has 

raining. ^ pumping engine, by Halhorn Davey, that raises i,2uo 

gallons per minute from a depth of 420 feet. 

The broad guage (5' 6'") line is carried into each of the three Companies' col- 
. lieries to a convenient spot— where coal is loaded into 

Carnage o coa , main line wagons. Metre gauge and smaller lines are in 
use for conveying coal to these wharves. 

The mines are free from gas. One or two explosions have occurred, but as 
^ kerosine oil was used in the places, it is not conclusive tliat 

the exj)losion was due to fire damp and not to keYosine oil. 

Ventilation is good, the number of shafts making it easy to create and main- 
tain an currents. There are many furnaces in ihj coal- 
Ventilation. ventilating purposes. 

The mines are pleasant, the average temperature being about 80° F., but as the 
temperature in the shade on the surface lises to 112° F. in 
Temperature. . weather, this is not excessive. 

Underground the coal is loaded into tubs by women and lads, and the tubs arc 
in cases pushed by the same persons to the shaft or else led 

Sending coal under- horses. Self-acting inclines for rise coal lind hauling 
engines for dip are in common use. The guages of under- 
ground tramways vary from i' 9'’ to 2' o’ and the rails from 15 to 19 Ib per yard. 
The underground tubs are of iron or steel, or wood with steel wheels 9" or 12" 
diameter. 

Systems of w^ork. 

The general system in use is the pillar and stall. The pillars are Of varying 
size, from 12 feet square, in thin seams with strong coal and strong roof, to loo feet 
square in the thick S(am with soft coal and strong roof. The galleries are usually 


Ventilation. 
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lo feel or 12 feet in width. In ihe thick coal only the upper 7 feet is worked first, the 
boitom coal being left to strengthen the pillars. The tramways are all laid on the 
bottom coal and this leads to the inconvenience that when the bottom of the seam 
is cut up, the coal has to be carried up to the tram line. The pillars are worked out 
and the following is a description of the methods adopted to suit varying sizes of 
pillars and qualities of coal and roof. 

Taking thin seams first. The coal has been divided into pillars of from 12 

In thin seams square in a seam 6 feet to 10 feet thick, the 

coal being strong and the roof good. The galleries vary 
from 12 to 15 feet in width and were cut without any special trouble; and the 
roof being good, accidents were very unfrequent. In taking the pillars out 
the system has been to set chocks 10 feet square (of dressed timber) as in sketch 
[vide Plate VII, fig, 6). The row of pillars, three or four only, are then rubbed 
off until a small stump of 4 feet square is left. The chocks are then taken out. 
These stumps are \aluable indicators of weight, as their cracking foretells a fall, 
and as the roof is very solid, the fall is always heavy, and violent air-blasts 
occasionally cause accidents. When the indicators give notice {fioli-deta^ as 
natives say), the work is stopped on the next row of pillars until the roof is safely in. 

In some mines, the section is as under. (See Plate VII, figs. 7, 8.) 

The 10 feet seam has been cut up into pillars and when they are taken out the ob- 
ject is to ge^ the 2 feet 6 inches of coal overl}ing it— this being a solid bed, two 
pillars are taken out in one operation. The band of stone, 2 feet to 3 feet thick, 
between the coal seams is jointed, and all the cleats in the coal run through it. 

The two pillars arc cut out until there are two stumps, 6 feet square each, and 
the place is timbered with props 3 feet apart and with several 10 feet square 
chocks, when the slumps arc reduced to 6 feel, square holes are bored in them and 
charged with dynamite and prepared fuses and detonators, and cotton-wick, 
soaked in kerosine, fastened on the fuses. The limber is then drawn by 
two Europeans, the cotton-wick is lighted by torches at end of long bamboos 
and the slumps blown out. The band of stone and roof coal fall. The 
main roof being thus newly exposed, is generally good, and after careful sounding it 
is generally found possible to load up all the iallen coal wi»' lut timbering. 

The alcove system is also applied to the upper seam vhen it has the section 
shewn in PI. VII, Fig. 9. The 4 feet is sub-divided into pillars and the top coal 
is dropped in the goaf and loaded out. 

When the main roof has fallen, a row of pillars or a rib 10 ft. thick of the roof 
is left to take the broken edge and a new face started as in fig. 10, PI. VII. 

In the following section (Figs, ii, 12, PI. VII) the coal has been divided into 
. pillars in each seam from 20 feet to 40 feet square by roads, 

n thic seams. width. The pillars in the upper 

division are exactly over those in the lower division. TiiP roads were first driven 
in the upper division and boreholes put through at the junction^s of the roads as a 
guide to the coal-cutters in the bed belo'^'. These holes arc used as guides in 
setting cogs or chocks when pillars are to be taken out, so that each cog in upper 
bed is directly over one in the low'er. 

The places are well timbered in each seam and then the pillars, one or two at 
a time,* are reduced to 6 feet square. The timber is then drawn in each bed 
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commencing in the upper bed. One row of props is drawn in upper bed and then 
one in the lower, until all the timber that can be safely got is taken out. The roof 
soon follows the timber drawing and the 6 feet square stumps left give early notice 
of a weight. 

As many as three divisions have been worked this way. It was found on trial 
that the coal could not be gotten in the goaf, as described in previous case — roof 
followed loo quickly, so the whole of the sub-divisions were worked into pillars, 
pared down, and the stumps d blown out and remainder of coal falls. 

In the thick seams, varying from la feet to a a feet of coal without partings and 
with a solid sandstone roof 30 feet thick up to next parting, the following system 
has been in use. 

The seam is divided into pillars in the upper part of the seam, the floor being 
left solid so as not to w^eaken the pillars. The pillars are from 30 feet to 100 feel 
square. When the time comes to take out the pillars, a row of five or six, either dia- 
gonally or in a line, is taken and the bottom coal is cut up all round each of them. 

If the coal is strong, they are undergone in the lowest part as in sketch (Fig. 16, 
PI. VII). A road or jenkin is driven through the pillar towards the goaf. The 
half pillar next the goaf is undercut and timbered with pr#ps. except two knobs B 
and B, 4 or 5 feet square. The timber is then drawn and these knobs blown out 
and the top coal dropped and loaded op. The remaining half of the pillar is got 
by widening out the jenkin as at C, timbering with 5 feet props 3 feet apart. 

Where the pillars are crushed and old the pillars are taken out in a line. The 
bottom coal is cut along Gallery A.B. C.D. and A.II., B.G., C.F., and D.E. Slices 
are then taken off the pillars as in sketch (Figs. 13, 14, PI. VII), commencing at 
the top of pillar until all is removed. Chocks of 10 feet squared timber and roller 
(round props 7 inch diameter) are put up where needed. 

Sometimes, in fact, always, until the main roof starts to work, the whole of the 
coal can be taken out. After a heavy fall of main roof a row of pillars or half pillars 
is left against the broken edge as in sketch (Fig. 15, PI, VII). Several rows can 
then be taken out completely. The pillars then left afford valuable indications of 
coming weight, and each morning before, work and hourly through the day the 
officials listen for the cracking of these indicators. 

Some falls are very heavy — 400 feet x 1 50 feet in area and about 30 feet in 
thickness. They cause heavy blasts of wind which put out all the lights in the 
mine and sometimes blow out doors and stoppings. When the indicators give 
warning of an approaching fall, all work people are stopped until the fall is down 
and all quiet. Sometimes the stoppage of work lasts a week. 

Where the roof breaks up readily in consequence of shale or thin coal bands 
over the main coal, another system is in vogue, see fig. 17, PI., VII. The pillars 
are split as at A. and galleries widened out, timbering as required until two knobs 
6 feet square are left on goaf edge. The timber is drawn and these knobs blown 
out and roof dropped. 

An important modification has be^n in work for a few years, the principle of 
. , , which is not to divide the coal into pillars in any of the 

seams, but to divide the area to be worked to any particular 
shaft into large blocks or districts by roads driven to the boundary of the (Bslrict 
and then to take the coal out. By this system the danger of losing a large a^ea of 
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pillars by creep is altogether avoided. The very strong roof over the Karharbari 
lower seam is very liable to creep and the thickness of the seam and friability of 
the coal greatly assists this movement. 

In a seam 18 feet thick, the s)stera is as in sketch, fig. r8. A series of faces 
€n echelon are each 100 feet in length. Two pillars, 40 feet x 30 feet are cut 
out as shewn in sketch, fig. 19 in the floor of the seam, the roads forming them 
being 10 feet wide. These roads are made 5 feet 6 inches high. The pillars are 
then pared off until there are three stumps 6 feet square, two of them being in 
the comer pillar next the goaf, and one in the other pillar. Props are set 3 feet to 
4 feet apart all over the place. When all is ready the props are diawn and the 
stumps or knobs being blown out, the roof coal falls and is loaded out. The roof 
being freshly disclosed is good and does not fall for weeks. When a main fall 
occurs a rib is cut off about 10 feet thick, the full height of the seam. This steadies 
the roof and indicates the coming of the next main roof fall. See sketch fig. ao. 

This system has so many distinct advantages that it will probably supersede 
the pillar method altogether. There is no fear of fire ; there is no area of pillars to 
creep and there is no worry about watching pillars to prevent miners robbing them 
and reducing their size and strength ; and it a fire occurs the mine is not lost, as a 
few stoppings will shut the district off, whereas in pillars and stall workings the 
mine is practically all roads. 

In sinking, the jumper is used of steel octagonal. The shorter ones are 
pointed a*’d ^o^d for cutting and dressing sides. 1 he long ones are chisel-ended 
for drilling holes. These crowbars or sahels or jumpers vary from 6 feet to I2*feet 
in length. The coal measure sandstone is easy to sink in and fairly rapid pro- 
gress can be made. 

There are two systems of sinking. One is to cut a trench (or khanja) round 
the edge, and in this way defining the size ana shape of the shaft (PI. VIII, fig. i). 
This trench is cut 2 feel deep and in it water collects. The holes are bored to 
blow off the core left and powder or dynamite used for the purpose. This is a 
slow process, but it leaves the sides of shaft perfect. 

The other and quicker method is to blow out the centre of shaft by sumping 
shots fired simultaneously and then to blow off the sidto rnlil full size of shaft is 
reached. By this means 4 feet a day can be done, but the c, ics of shaft are rough 
and require constant examination during the progress of sinking. The sinkers 
have got used to dynamite and electric firing and understand that during a thunder- 
storm it is unsafe to charge the holes for electnc blasting. 

The same jumpers arc used for underground work even in making overhead 
holes, the drill and hammer have never come into general use. In coal cutting 
the picks used are shown in sketch (PI. VIII, figs. 2, 3). Fig. 2 shows the 3ft 
Hardy Universal pick a great favourite in India, and fig. 8 a pick used 
largely in East Indian Railway collieries. The helve‘=' are made of sSl wood, 
and the picks and handles are supplied to the miners by ihe colliery owners. The 
rest of his tools are kamcha, a piece of bent sheet iron, see sketch (PI. VII, 
fig. 4) for scraping with both hands the slac and dust together to load into the 
root or bamboo basket in which it is cairied to the tub or tram. This kamcha is 
preferred to the shovel even when the tub is close to the face. With the kamcha 
a person works silting or squatting, only rising when basket is full to empty it 
into the tub, whereas with a shovel he has to stand and use it. 
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Lighting. 

Where castor oil is burnt as in the East Indian Railway collieries, the miners 
use a lipped earthenware chiragh or lamp 3'' diameter. This is supported by a wire 
suspender, see sketch (PI. VIII, fig 5). A length of fencing wire is stolen or 
begged, and the strands at one end opened out and passed round the earthenware 
chiragh. Some of them have a wire chain with tongs attached to trim the wicks. 
This lamp will stand on the floor, or can be hung against a prop or on road side* 
The lamp is first soaked jn water when new to prevent absorption of oil on first day 
of use. A little cotton waste is laid from the lip inwards and oil dropped on the 
wick. As oil burns up it is replaced from the store. The chxraght never have 
much oil in them> so that in case of accident little is wasted. 

Where kerosine oil is used, tin lamps dthid* 2,1^ in use. One is shewn in the 
sketch (PI VIII, fig. 6). The kerosine oil is kept and carried in beer or wine hot. 
ties. The flame from this oil is smoky and disagreeable, and in mines with limited 
ventilation must be dangerous. The writer remembers a case where, against the 
rules, some pump men used kerosine oil and upset the oil on the water they were 
engaged in pumping. It there either exploded or simply lighted, but it burnt two 
men severely and it was reported as an outburst of gas. Enquiry showed it to be 
kerosine oil. 

Labour , — The greatest misconception exists regarding the labour employed in 
this coal-field. 

The Bawris, who were introduced some twenty years ago to teach the local 
labour, have to a large extent left and taken their bad habits with them. 

The labour is composed of 

1. Bfahomedans, — Julas, etc., about . 30% 

2 . HinduiMed aborigines, — Ghatooars, Kahars, n 

Dosadhs, Masahurs, Tooris Chamars, Raj- > 6 o 7 o 
wars and Bawris. ^ 

3. Aborigines, Kols and Santals . . . io 7 o 

A list of the various castes is given ,at the end, and those interested in such 
matters can get full information as to the social and religious customs of these 
people from that excellent publication, ** The tribes and castes of Bengal by H. 
Risley/' 

These people make good steady miners, are not given to excessive drinking, are 
mostly well-to-do, and the majority are not dependent wholly on mining, but 
cultivate plots of land and own cattle. 

The various companies have attracted labour by easy leases of land. 

As cultivation (rice) takes only a few months of the year (3 months), the rest 
of the lime can be spent in colliery work. Most of the miners, the writer knows, can 
do without colliery work for many months together, and they arc in an incomparably 
better position than miners in England, who have not yet gone beyond, and some 
have hardly reached a living wage. As long as the Indian miner sticks to his 
cultivation and declines to become a collier only, he has a good time before him, 
as he can fix his own terms of wages and period of work. There are few or no 
quarrels between employers and labour ; one finds that the men arc dissatisfied by 
their non-appearance at work and then negociations take place. 

The labour is paid weekly either on Saturday evenings or Sunday mornings. 



PAr^T 30 


SArSE : Giridih (Karharbari) Coal-field. 


99 


This is a point to be noticed, as in the Ranigunj and Jherriah Coal-fields the pay- 
ments are made daily. Wages are always paid in cash and, except in cases of 
contractors, the truck system is unknown. Even amongst contractors the '‘truck ” 
system is a modified one. It consists in providing food from a certain shopkeeper 
who puts the price on a bit. This system is in vogue among the new arrivals who 
have not settled down comfortably, or to the few unfortunates who never can save. 

Payment to miners is made by the tub or tram or bucket, and varies according 
to nature of the coal and the system of work. For cutting 
Wages. j pillars the rates vary from 2 annas 

6 pies to 4 annas per bucket or tram for large coal, and 6 pies to 9 pies per bucket 
or tram for small coals. In dropped coal the rate for small and large is the same, 
viz., from i anna 6 pies to i anna 9 pies per bucket or tram, as ihe coal has simply 
to be loaded up. These prices include leading to either shaft bottom or to some 
station in the mine. This depends on the size of the mine. 

The average wages of miners is Ri-i-o per head per gang per week. Thus a 
man and his wife alone will earn R2-2-0 per week. Three members of a family 
count R3 -3-0 for their total earnings per week. This is excellent pay compared 
with wages in the district and is better than daily wage work on the surface which 
is 2 annas 6 pies per day per man and i anna 6 pies per day per woman. The 
chief charm of the coal cutters’ position is that he has not to work to time. lie gets 
up early, attends to his own affairs, has a good square meal and goes to work at 
8 A.M. Ak 4 r.-n. ho is out again to wash and go home. Daily labour works to the 
bell or whistle, and is in harness from 6 a.m. to 6 p.m. with intervals for rest. 
Wages are so good that the main body of coal cutters never work on Mondays. 
They take all the other holidays they can, but they are willing to sacrifice some 
holidays if work be emergent and coal wanted badly. The wages of coal cutters 
decide the lest of the wages paid; coal cutters get the best wages ; stone cutters and 
sinkers come next. The latter, however, prefer the cleanliness of stone work to 
diity coal gelling. Ordinary labour is the worst paid. 

1 he main source of food supply and of news of friends and relatives is the big 
Whilty-bazaar founded by the East Indian Railway 
bazaar. Company : over 30,C'^i persons ’ weekly on Sundays to 

this bazaar to buy food and gossip ; and never a stroke if work is done on 
Sundays in the Karharbari Coal-field. 

Every article from a small tooth-comb (a favorite re.juisile of women), Santas 
feeding bottles (the Indian mother has learnt it's use), slate pencils, Manchester 
goods, shoes : in fact everything the people want and don t want can be purchased 
here. It is not too much to say that the founding of this bazaar did more to settle 
labour than an} thing that was done ; and making it a Sunday bazaar ga\e the rest of 
the week to work. 

At this bazaar the people lay in their weekly wants an^^ the women (who receive 
the pay from their husbands) give a share to their men and Sunday sees a good deal 
of drinking, but there are few sols and few cases of ruin to families through drink. 

Education has taken root in this coal-^jld : and over 1,500 children attend 
Bchools where they receive a thorough but elementary education. 'I'hc demand 
for educated men is on the increase, as mining sirdars and foremen are now 
expected to write reports on their work as in English collieries. Rules for signalling 
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conduct of the mines etc., can be seen posted up in the field and if the men them- 
selves cannot all read them they are pleased to hear their children do so. 

Lists of castes engaged in collieries in the Giridih (Karharbari) Coal-field. 

Mahomwans— 

1. Julahas. 

3. Pathans. 

3. Sheikhs. 

4. Kalal. 

Hindus and H znduized aborigines*- 
1. Brahmans ) ^ 

а. Kaisthas and Kaiths } 

3. Ghatowars or Bhuiyas. 

4. Kahars. 

5. Moosahars (also called Bhuiya)— not to be confounded with 3, 

б. Dosadhs. 

7* Chamars. 

8. Toories. 

9. Bawris. 

10. Rajooars. 

11. Gopes or Goalas (4 castes). 

13 . Moholis. 

13. Coomars. 

14. Burhis. 

15. Koeris, 

16. Dhoby. 

1 7. Hazam or Nowa. 

18. Morrick. 

19. Teli. 

30 . Beldar. 

31 . Pasi. 

33. Sonar. 

23. Lohars. 

24. Sundi. 

35, Poojahar. 

26. Kurmi. 

27. Malla. 

28. Hari. 

29. Gosae. 

30. Ilalowai. 

Aborigines-— 

1. Santals. 

2. Kols. 

Christians — 

X. Europeans. 

2. Native Converts. 

3. Do. (Santals and Kols)* 
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On the Occurrence of Chipped (?) Flints in the Upper Miocene of Burma. 
By Dr. Fritz Noetling, F.G.S., Palaeontologist^ Geological Survey 
of India. (With a Plate ) 

While engaged in mapping out a part of the Yenangyoung oil-field my attention 
was particularly directed to the collecting of vertebrate remains, which are rather 
common in certain strata around Yenangyoung. One of the most conspicuous beds, 
palseontologically as well as petrographically, is a ferruginous conglomerate, up- 
wards of ten feet in thickness. This bed may be distinguished a long distance off 
as a dull-red band, running, in a continuous line, across ravines and hills. Besides 
numerous other vertebrate remains, such as Rhinoceros perimense^ etc., one of the 
commonest species is Hippotherium anielopinum Caut. and Falc. of which numerous 
isolated teeth can be found. 

While stooping to pick up the fine lower molar which is figured in the accom- 
panying plate, my attention was drawn to some curiously shaped flints partly imbed- 
ded in the ferruginous conglomerate. Next to the molar just mentioned, I found 
the fine specimen figure 2, — ; and on looking further about I found about a 
dozen or so of other flints, some of which are figured on the same plate. 

Before discussing the geological position in which these flints were discovered, 
it will be ubciui to describe shortly their appearance. As regards their general 
shape, we may distinguish three types, viz, : — 

(a) Irregularly shaped flat flakes. 

(^) More or less triangularly shaped flakes. 

(c) A rectangular flake. 

(a) Irregularly shaped flakes. — These are generally flat, more or less square 
flakes, up to about 40 mm. in length, which are thicker in the centre than near the 
edges; edges sharp and cutting. Flakes of this kind are frequently found. 

(Jb) Triangular flakes. — These show a roughly triangular shape; one side being 
generally flat, the opposite one being more or less rounded, so that a cross section 
has £ui irregular triangular or wedge-shaped outline. The la ^.al edges arc straight, 
sharp and cutting ; figures 3, 4 and 5 show good samples of this kind ; particularly 
figures 3 and 4. Figure 5 is particularly remarkable, it shows that the upper face 
must have been produced by the repeated chipping off of thin flakes. 

(c) A rectangular flake. — I found only one specimen of this kind, in fact it was 
through this specimen that my attention w^as directed to these flints. It is of a 
somewhat irregular rectangular shape and slightly curved ; the length being 45 mm., 
the breadth 20 mm., both faces are roof like, so that a rhomboidal section is pro- 
duced. The two long edges run nearly parallel and are sharp and cutting. This 
flake affords particular interest in as much as the two must have been pro- 
duced by an action, which is difficult to explain by natural causes. Let us consider 
the convex face first ; it will be seen that one ^ide is smooth, apparently produced 
by the chipping off of a single flake, while the other side shows that at least four 
smaller flakes have been chipped off at a right angle to the first one. The con- 
cave face which is however much damaged at one side must have been produced 
by the chipping off of two longitudinal flakes. 
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The shape of this specimen reminds me very much of the chipped flint described 
in Volume I of the Records, Geological Survey of India, and discovered in the 
Pleistocene of the Nerbudda river, the artificial origin of which nobody seems to 
have ever doubted. 

As regards the geological position in whic^ these flakes were found, I mentioned 
above that they were imbedded in a ferruginous conglomerate. It remains now to 
be explained what position this bed holds in the sequence of the tertiaries near 
Ycnangyoung. According to my researches, which will be published in detail at 
a later period, three distinct groups can be distinguished in the Ycnangyoung 
tertiaries, namely, in descending order 

3. Group C.— CoDsi sting chiefly of light coloured, yellow sandstones or soft yellow 
sand-rocks with hard siliceous concretions, alternating with beds of 
light brown clay. Silicified wood very common, besides fragments 
of terrestrial and fresh-water animals. Measured thickness not less- 
than 4,620 feet. 

2. Group B.-^Conaisting of brown and red sandstones and light brown clays, containing 
numerous crystals of selenite, and locally countless numbers of Batissa 
crawfurdii Noetl., terminating in a bed of ferruginous conglomerate 
with numerous remains of terrestrial animals, among which Hippo- 
ihirium antelcpinum^ Caut and Falc., and Rhinoceros pertmense pre- 
ponderate ; chipped flints locally not rare. Measured thickness of the 
whole group 1,105 feet. 

1. Group A. — Consisting of a series of blue clays alternating with beds of grey sand- 
stone, which contain locally large quantities of petroleum. Fossils 
are scarce, but such as have been found consist chioOy of tiue salt 
water fossils with some rolled fragments of bone** and some teeth of 
terrestrial animals. Thickness not less than 1,000 feet. 

It is apparently quite clear that this succession of strata exhibits the gradual 
change from true marine strata, deposited somewhere near a coast, through 
estuarine deposits as represented by the strata containing Batma craw/umit, Noetl. 
to fresh water deposits containing the remans of terrestrial and fresh water animals 
as represented by Group C. A superficial examination of the vertebrate remains 
shows that the fauna is nearly identical with that of the Siwiliks, or in other 
words, that Group C (probably inclusive of Group B) must be of upper miocene if 
not pliocene age. We must therefore claim either pliocene or at the latest upper 
miocene age for the ferruginous conglomerate in which the chipped flints have been 
found. But whatsoever their particular age be, it is certain that a considerable 
amount of time must have lapsed since the deposit of a series of strata of more than 
4,620 feet thickness, containing numerous genera of animals which are now-a-dajs 
either entirely extinct, or at least no longer living in India, which rests upon it. 

Having now described the geological position of the strata in which the 
chipped flints were found, there still remains the question to be discussed 
whether they were really found in situ, or not. To this 1 can only answer that to 
the best of my knowledge they wq|e really found in situ, and that I most probably 
would not have discovered them, if I had not stooped to pick up thjfe molar of 
Hippotherium anUlopinum, figure 6. The exact spot where the flints we|e found is 
marked on my geological map of the Yenangyoung oil-field with No| 49 and is 
situated on the steep eastern slope of a ravine, high above its botton^^ibut below 
the edge in such a position that it is inconceivable how the flints should ‘have been 
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brought there by any foreign agency. There is no room for any dwelling place m 
this narrow gorge, nor was there eier anv, il is further impossible from the way m 
which the Hints were fou^d that they could have btcn brought to th it place b> a 
flood. If I \Neii»h all the evidence, quite apirt from the fact that 1 actuilh dug them 
out of the bed, it is m) strong belief that thc) wcie in siiu when found 

As to then iidture whether artificial or not, 1 do not want to express in opinion , 
all I say is, that if flints of this slupe cm be produced by natural causes, 
a good many chipped flints hitherto considered as undoubtedly artificial products 
are open to giavc doubt as to their origin. 

EXPLANATION OF PLATE 

Tig I RectanguLir flint fl ike top view 
Fig \a , , Ijwer view 

Fig I A , , side view 

hig 2 TriiiiguKr flint fl ike, top %iew 

Fig 2 1 , , • )Wt r view 

} lb , ,, shIc view 

Fig Tri'\ngnlnr flint flal i , top \icw 
I ig j * ,, , I )wer view 

I'lp 36 „ „ , side view 

1 g. 4 Triingular flint flike, top view 

P* ^ 4 / H i» luwer view 

I ig 4^ „ , „ 'ide view 

F ig 5 1 rungulir flint fl ike, top view 

Pig Sa , „ „ ower view 

I 14 >1 » view 

I ig 0 Lfil upptr moUr ot anttlopiniim^ Caut. and FdJc 

Twice the nUural sue 


Note on thc Occuirence <?/ Velates schmideli ana, Chemn and Provll- 
ATPS gran DIS, Sow sp , in /Ac Tertiary Formatio India and Burma. 

Dr Frit/ NoetiING, F G,S., PaljLontologisty Geological Survey 
of India. (With 2 Plates.) 

' While describing a number of fossds collected by me in the Upper Tertiary 
formation of Burma, near Mmbu nnd Ycnang) at, some furlhei specimens which 
had been collected on thc eastern slopes of the Airakan Voma, near the \illage 
of Napeh, about 40 miles west of Mmbu were presented oy Mr. Wav, Engineer 
in-Chief, Aeng Pass Railway, to the Geological Department. No oarticulars were 
given about the geological position of thes fossils, but from in> knowledge 
of the country 1 think that they come horn strata oldei than those containing 
the marine fauna of Mmbu and Yenang>at. Thc most characteristic and at the 
same time numerous among these fossils, was one kind that 1 recognized at once as 
belonging to the genus Velaies^ Mont. Now, considering the important position this 

C 
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genus liolds in the Tertiary formation of Western India, where it is restricted to the 
Ranikot and Khirlar group, having its chief development in the latter,^ I thought 
it advisable to compare the specimens from Burma with those from Western Indiai 
in order to establish the identity or to prove their difference. If identical, a most 
important fact would be established in regard to the correlation of the Tertiary strata 
of Burma and Western India. We know that Velates schmidebana does not reach 
beyond the Khirtar group in Sind ; if therefore the species from Burma were identical 
with that .from India, the important fact would be proved that the beds containing 
Velaiis schmidebana in Burma would be equivalent to the Ranikot or Khirlar 
group in Western India, most probably to the latter one, and therefore the whole 
Tseries of the strala*above that bed would represent the equivalents of the Nari, Gaj 
and Manchhar groups. Thus a most important step in the knowledge of the Tertiary 
formation of Burma would be gained — a fact which cannot be under-estimated, be- 
cause the fossil here in question can be easily recognized in the field, and the 
geologist working in the remote jungly hills skirling the Arrakan Yoma would al- 
ways have a guide to lead him, when the thickness of the jungle hides the closed 
sequence of the strata. 

It was w'ith this object in view that I took in hand the examination of the speci- 
mens from Burma, at the same lime comparing the Indian Velates schmidebana 
with a typical specimen from Europe in order to make sure as to their identity. 
On taking up the subject 1 found almost at once that there exist in Western India 
two genera which at the first sight might easily be confused; the one is represontt d 
by a typical Velates^ the other by the new genus PfovelaUs, which resembles a 
cast of Velates so closely that I am perfectly certain that it has frequently been 
mistaken for it. 

In fact the mistake begins almost immediately with the description of Tertiary 
fossils from India; in 1840 James de Carle Sowerby* mentions a fossil as NtrUina 
grandis from Wag 4 -Ki-pU(lda, in Culch, which he describes as follows; “Short, 
conical, smooth ; spire concealed ; aperture very large ; base convex, its maigin round- 
ed. Diameter 3 inches; height inch. This resembles M schmubbana, but has 
a larger aperture in proportion and a less eccentric apex, it is also higher. The 
specimen is little more than a cast, and does not exhibit the edge of the inner lip, 
but still it shows the attachment of the ligament projecting from the lower surface, 
and that the aperture occupied more than half the base/’ 

Now we have, in the Survey Museum, from Sind several specimens of a shell 
which are undoubtedly identical with Neribna grandtSy ss we shall presently .see, 
but which are certainly different from Velates schmidebana with which they have 
been identified by Messrs. d’Archiac and Haime.^ The specimens figured and 
described by them undoubtedly represent a true VelaieSy but this form is not 
identical with Nentina grandis^ Sow., as the authors supposed. 

Before going however into the details of the description of the Indian forms, it 
will be useful to recall the characters of the type Vdates schmidebanay Cheinn, sp., 

’ Distribution of tho fossils described by Messrs d'Arch. and Haime, Memoirs, Geological 
Survey of India, Vol. XVII, 1880, page 305. 

® Transactions of the Geological Society, 2nd ser,, Vol, V, plate XXIV, 

* D’Archiac and Haime, Dese. des Auim. foss. du groupe nummulitique chi I’lnde, page 
278, plate XXV. fiEf. 3 a, 4, non p’ate XXVll, fig. 1, b, . 
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and then starting from this form to examine how the Indian types can be compared 
with it. 

Vflates SCHMIDELIAMA. Chemn. sp. 

1786. Nerit, schmideliana^ Chemn. Conch. Cab., VoJ, 9, page TJO, plate 114, fig**. 
975 » 976. 

1810. ye/a/es conoideus, Denys de Montfort, Conchy!. Syst., Vo! If, page 354. 

1853. A^rMVairAwfrftf/ionfl, D’Archiac and Haime, Desc. des Anim fosbil du groupe 
nummulitiquc de I’lndc. page 278, plate XXV, fig. 3, 3a, 4, 5, non. plate XXVII, 
fig, I, lb, ic. 

As a list of synonyms is given by d’Archiac it ?s useless to repeat it here. Tlie 
chief character of the shell consists in the feature that the last whorl expands sud- 
denly and rapidly in such a way as to form an enormous body chamber, and by 
producing an enormous callosity on the spire, which partly envelopes the earlier 
whorls. The last whorl is therefore conical in shape, the apex of the cone being 
represented by the spire, the base by the aperture ; its shape might perhaps be com- 
pared with a Phrygian cap. The surface of the last whorl is covered with fine 
irregular strioe of growth, which in the peripheral part run parallel to the circum- 
ference, tliat is to say, they form complete circles, while in the central part they form 
only semi-circles. 'I'he outline of the early shape is always more or less marked by 
a deep furrow, running obliquely from the centre towards the lower edge of the last 
whorl, the base of the last whorl is sub-oibicular, and formed by a broad and inflated 
callosity wbi<i supported from inside by a strong septum; the aperture is 
scmi-circular ; the inner lip deeply denticulated, the outer lip sharp. 

It is therefore clear that for the specific differences we must chiefly look to the 
shape of the last whorl ; we have therefore to examine the Indian specimens whether 
they show any maiked differences from the type s|Xicimcns in that regard or not. 
The genus Velates has been found in the Indian Tcrliaiics at the following locali- 
ties ; — 

I. Kharguzani hill near Laki (Sirrd), Khirtar group. 

2 Two unknown localities in Srud, 

3. Napeh in Upper Burma. 

The best preserved specimens arc those under No. i, il n follow tho.se from 
Burma, while those under No. 2 are casts which in all pro .bility belong to the 
genus Ve/afesi the latter may be disposed of at once, not only because the exact 
locality and position where they were found are unknown, but also because as casts 
no fair idea can be formed as to their original shape. It remains therefore a 
question to be decided in the future whether they may perhaps represent a new 
species or not. 

As regards the specimens from Khargunrani hill, they arc tolerably well preserved, 
but none of them shows the base or the aperture suffiticntly well; this is rather un- 
fortunate, as it may be supposed that the character of ‘he aperture differs in both 
species. For the present we must leavc'it to the future to decide this ; butas regards 
the outer side of the last whorl, I cannot detect the slightest diffen ’ice between the 
Indian and the French specimen; so unless sou.c very distinguishing features would 
be brought to light as regards the feature of the aperture, we must consider the 
Indian form identical with Velctlts schmtdeliatia, Chemn. 

The specimens from Burma were apparently somewhat roughly handled and also 
c.\posed for a long time to weathering, but all the same I cannot discover any difference 
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either in shape or surface sculpture of the hst whorl. Neither does the aperture which 
can be fairly seen in some of (he specimens exhibit any different characters. We 
must tJierefore consider tliat the Burma species is also id^tical with Vdafts schmui- 
fltarta, Chcnin, 

However, in order lo show that not only the external features agree, I have 
measured two specimens from France, five from Burma, and live from India, llie 
dimensions of which are given in the subjoined tabic. 

Diameter of I^n^lh of Height of 
ia^t wliori. last whorl. lastwhoil* 


French type spcciroeus ^ 

75 nmi. 

75 

90 mm, 

«5 

5(5 mm. 

51 


62 

j 



45 


2if 

Indian specimens . . 4 

56 

bS 

3^ 


5^ 


V 



60 


( 

f 2 

yS 

45 


51 

()S 

4* 

Burma specimens . . < 

V 

«s 

5S 

J 


V 

5g 


57 

V 

4t 

If we reduce these figures to a common dcnominatoi, wc find that in the two 

French specimens the proportions are — 

Diameter Length 




5 • 6 

3 b 



5 ■ <5 

y3 


The proportions of the Indian specimen*- aie as follows : 

- 



5 ^ 

3 1 



s 

3 3 



5 b 

S b 

5 b 

3 X 


And in the Burma specimens 

s 05 

4 



5 7 

4 




4 



S : ? 

4 



5 P 

4 


We sec therefore that the French type and the Indian specimens agree very well as 

regards the propoi lions of the last whorl ; 

the specimens from Burma seem how- 

ever to differ a little, inasmuch as the last 

whorl IS a little longer and a 

little higher. 


Now I do not want to lay too much weight on this fact, }>articularly as regards the 
height, because it will be seen from the above figures that it varies considerably 
even among specimens of the same locality; this might only be expected if we 
consider that the callosity of the base varies much in thickness; on the Other hand, 
it would be of greater importance if the ciicumference of ihe last whorl ?.s seen 
from above, would be elliptical instead of sub-orbicidar as with the type Vdahs 
schnuhliana ; if we, however, examine Velates schmideham, \yQ find that at sonic 

' This includes the visible part uf the spire. 
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time of its life the last whorl was also of elliptical circumference ; now the largest 
specimen from Burma, which is unfortunately damaged, had apparently a sub-orbicu- 
lar circumference, and unless it is proved by comparing numerous specimens of 
the various types that the 5 Burma type differs materially in the shape of the last 
whorl from the others, we must consi<ler it as idcniicdl with the Indian form and 
the French type specimen VilaU's schmideliana, Chemn. 

The area of distribution of this icmaikable species is therefore much wider 
than was supposed by d'Archiac : from France, it ranges through luly, Egypt, 
Persia, Cutch,^ind, as far as Western Burma, or, roughly speaking, from Long, 
to 94° Lon^ ; and as to our knowledge, Velales Sihiniddiana is restricted to the 
same limited horizon in the early Tcrliaries, we may jay indeed, that at one time 
during the Tertiary era, Vclaks schmideliana was distnbuted over an area extending 
over at least one-quaitcr of the globe in length without however rcacliing beyond a 
certain northern latitude. 

After having proved the identity of the Indian types of with the well- 

known European species, it now rein tins to turn our attention to the FtAz/rj-like 
shell, that has been mistaken for VelaUs itself. As 1 have sketched the histOiy of 
this form in the beginning of lliis paper it now remains to describe and fix the 
new genus. 

Order : IVosobranchi.ifa, Cuv. 

Sub-order : Asjridobranchiat.i Cuv. 

Family: Neritidae, Gray, 

Genus . Provelateg, Noetlmg. 

Si)ire invisible, perfectly involved by the last whorl, which is of a consider d)lc 
size, and of sub-conical shape, separated on the upper siile by a deep fuirow which 
runs from the apex to the posterior end 0. the aperture, representing the 
suture; aperture, large scmi-lunar, outer lip slurp, inner lip not perfectly known, 
but apparently callous and probably not denticulated ; not quite covering a deep 
umbilicus. Shell thin, and covered with fine striae of growth which become rUher 
effaced on full grown specimens but which arc very regular on young ones. 

So far as known for the present this genus is restricted .v. 1 he Khirtar group. 

The only species known is Provehiks grandis. Sow'. 

Mr. Blanford collected lliis species in the gorge of the Baran River (Sind), 
from where figures 6 and 7 came ; figuics 8 and 9 come fr m the hills cast of Trok 
in Kohistan, where it was collected by ]\Ir. Fedden, The younger specimens 
resemble very much an ordinary Nalica, only that the suture becomes indistinct 
and as if it were covered with a second layer of shell substance, The largest 
specimen measures 54 mm. from the edge of the outer lip to the opposite side, 
while its height was not more than 26 mm. 

Full grown specimens, particularly when they have partly lost the shell, resemble 
in appearance very much casts of \ i laics schiuidcluvia, but tticy may alwa\s be 
distinguished by the large aperture which was not denticulated, and the traces of an 
umbilicus; if the casts which I Lave mcntioi.^d above really represent casts of 
VelaUs schmideliana, then the latter would be distinguished by leaving the last part of 
the last whorl partly separated from the former whorls and the trices of a denticulated 

* Ne^xiina grar,dis, Sow., Traiibact. of the Gcol. Sue . 2na scr., vol. V, plate XXIV, fig 9 - 
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inner lip. On both specimens there exists a sharp ridge at that place where in 
the Provehiies grandis the limit of the callosity is marked on the earlier whorls, 
but inasmuch as there is a similar sharp ridge on the insule of the last whorl ot 
Velaiis schmulehanay where it forms the continuation of the perpendicular septum 
on the lower part of the callosity, which naturally must leave the same mark on 
the cast, we are left as before in the dark regarding the identity of these casts. 
Of course the whole question could be decided at once if I could nunuficture a 
cast of Velatis schmxdeliana ; but unfortunately my material does not allow this, 
so we shall ha\c to wait until a favourable oppoitumty ariives for doing so. 


EXPLANAFIOM OF PLATl S 
Pt \rB 1 

Fig I Velate^ schmtdeltana^ Qhemw sp Sables iiiftneurcs, Cuis:>e LdiiiutU , upper sid< 

Fig la. ,, u n It left side view 

Fig iS. „ „ „ „ base. 

Fig. ic. M „ )i ti last whorl & spue 

Fig 2 , I'^eia fes schmtMianat Chtnirt sp Khirt ir Group, Khar^uzani Hill (Sind), iippci side 
Pig 2a „ „ •« „ list whorl Sl 

spire 

Fig 2d. ,,!*»• left side v»^ w. 

Fig 3 ye/ales sc/imide/tana, Chemn sp Khiitar Group, Napeli (Harm i), left side view 
Fig 3^* • M *. •» upper side 

Fig. 3d, „ „ f, , base & aperture 

Plmf 2 

Fig. I. Velates ^chmtJeliana, Chemn. sp Khirtar Group, Ndpih(nurmi) left side view 
Fig. la. , „ ,, „ uppei sidf. 

Fig 2 „ »» , I upper side 

tig 2a. „ ,, , „ lelt side view. 

Fig. 3 Provelates grandis, S)w, sp Khirtar Group (Gorge of Rarin river), upptr sid . ^ 

Fig 3a „ M „ , left side view 

Fig 3d ,1 „ ♦ „ „ base. 

Fig 4 ProvelaUs grandiA Sow sp. Khirtai Grjiip, Gorge of Bi ui river, upper side 

Fig. 4rt, „ ,, „ ,, lett side view. 

Fig. 46 , „ ., base 

Fig. 5. ProvelaCts grandis, Sow sp Klurtir Gr >up, Frik (Kohisim) up|wr side. 

Fig 6 „ „ , „ upper side 

Fig 6a. ,, „ , ,, sculpture ( nlarged. 

Fig 7 Velaics schtmUtfliana, Ch*'mii sp. (?) cist, Khirtar gioiip (■>; Sind, upp<‘r side. 

Fig. 7a, „ „ „ ,. lowtrsiie. 


pt 
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT. 
TRI-MONTHLY NOTES. 

No. 20. — Endino 31ST July 18^4. 


Director's Office, Cakutta, 31st July i8<)4. 


Dr. William King, B A,. D.Sc., F.G.S., late Director of the Geological .Sur- 
vey of India, olitained his early Gcolofiiial training amongst Ihe Permian rocks 
and the coal-measures of Duiham and Northumherland, and afterwards whilst .rs 
student at Queen’s College. Galway, amongst the cri.sialline rocks and the carboni- 
ferous limestone cf that part of Ireland, in ali of which he had ahe teaching and 
guidance of his fatlicr, the eminent Professor William King. 

He graduated in the Queen’s University in Ireland in 1S54 and completed the 
course of Civil Engineering in his College. He was selected for the Geological 
Survey of India by Dr. Oldham, then Director, and joined his appointment in Cal- 
cutta on the 4th March 1857. In May of that year he proceeded to Madras with 
the first geological surveying party for Southern India under Mr. H. F. Planford 
and ultimately became Superintendent for the survey in that Presidency in i868- 
The greater part of his field-work was in Southern and Central India, and he was 
engaged in joining up his surveys in the latter province with the geological maps 
of' the western parts of Chota Nagpur, when, in 1887, he was ordered to proceed 
to Calcutta to take over the Directoiship from Mr. Medlicott. 


He is the author of numerous valuable papeis dealing with the Geology of India, 
chiefiy of the southern and central parts of it, for a complete list of which I refer 
to the “ Bibliography of Indian Geology,” compiled by Mr. Oldham and published 
in 18S8, — and the pages of the subsequent “ Records.” 

Dr. King retired from the Diiectorship of the Deparimrul on the i6lh of this 
month and was succeeded by Mr. Gricshacii, the senio. superintendent, Mr. 
Hughes being incapacitated in consequence of a serious accic:nt which took place 
some time ago. 

'^I'he field-work in Baluchistan under Mr. Griesbach a* Superintendent, with 
Mr. F. II. Smith and Lala Kishen Singh, was continued to 
about the middle of June, and the result of this season’s 
work is a large addition to the geologically explored area 
of Baluchistan, being chiefly parts of the southern extension vf the Sulaiman range 
with the Mali hills adjoining, the Western Zhob valley and parts of the Kojak range 
with patches left unexplored during the previous season in the Quetta District. 
One of the most interesting facts elucidated, consists in the establishment of the 
geological age of the Kojak shales and the-V eastern prolongali a. n into the Zhob, 
which by their fossil contents are now shown 10 be intermediate in age between 
upper cretaceous and upper eocene, and to form a more or less continuous facies 
closely associated with a variety of igneous rocks, 

Mr. Smith has gone on short privilege leave and Lala Kishen Singh on a year’s 
furlough. 


Mr. Cries hack. 

Mr. Smith, 

Lata Kishen Singh. 
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Mr LaToHche. 


With the sanction of the Secretary of State, Mr. Oldham was specially deputedi 
whilst on furlough in Europe, to study certain oil-fields in 
the province of Galicia in Austria-Hungary, and it is to be 
hoped that the experience which he hxa thus gained may lead to a more success- 
ful search for productive oil-wells in India. 

The Madras paity, consisting of Mr. Middlemiss and Dr. Warth, returned into 
recess in Ootacamund and Bangalore respectively to pre- 
Z>r. reports on the past season's work. Di^ Warth, how- 

ex er, will be recalled to Calcutta for the remainder of the 
recess season to assist in the arrangement of the Museum at hcad-quaitcis. 

Ihe oflicors engaged last season in Central India, Messrs. Bose and Datta, 
Mr Pose. have returned some time ago into recess ; the former has 

Mr. Datta. gonc On three months’ privilege leave, whilst the latter Ins 

prepared his progress report on the last season's w'ork. 

The tnal-bonng at Sukkur was continued under the supeiintendencc of l\Ir. 
Mr LaToiiche LaTouchc ; the depth, when last reported, reached some 
500 feet, where many difficulties arc being encountered 
owing to the nature of the strata 1 cached, which are soft shales with much 
gypsum in veins and nests* Bituminous traces haxc been observed, which might be 
a hopeful sign, if it were not known that the middle eocene strata into which the 
bonng descends are often full of bituminous matter in the neighbounng are i 
of Baluchistan, without in the majority of cases showing any oil-supplies. 

Has returned to Calcutta where he has since been engaged in drawing up his 
Mr Crtind report on the inspection of mines in India during the >eir 

ending on the 30th June, which is finished and has been 

printed. 

After finishing his report ontheGohna landslip and the condition of the hdl- 
Dr Noetling sidcs of Naiiii 'f al, Mr. Holland returned with LaU^Hira 

Mr Hollani, Lai to hcad-quartcrs to continue his studies of Indian rocks 

Lala Hita Lai. availed hiinsclf of three months’ 

piivilege leave. 

Dr, Noetling is engaged on important palaeontological work, the result of which . 
will be published in the “ Records" and Memoirs.” 


Mr. Grundy. 


List of Assays and Examinations made in the Laboratory^ Geological 
Survey of India^ during the months of May^ June^ and July 
18^4. 



Specimen of quartz, C M. P. Wright, Wantho, Assayed 'for gold. 

With iron pyrites and Upper Burma. 

fine gold, from the 

Chowico'izat mine 

Mawnriin^ Township, 

Katha District, Upper 
Burma. 
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Tri-monthly Notes. 


List of Assays and Examinations made in the Laboratory^ Geological 
Survey of India, during the months oj May, June, and July 
i8g4 — continued. 


Substance. 

1 

t f'T w bom. 

Rl .ult. 

3 Spetimens of liii.e- 
stone, from Rcurkcla 
quarry, Bisra quarry, 
and Sonna quarry. 

1 

Thom IS Skonc^ Amda, 
Smgbhum. 

Anal) sed for ■ 

Insoluble residue. 

Ferric oxide and alumina. 

Carbonate ot lime. 

Carbonate of magnesia. 

I Specimen of coal, from 
the Iherria coal-f.cld, 
Manblium. 

Finlay Muir & Co, Cal- 
cutta. 

Proximate analysis. 

2 Specimens of man- 
ganese ore, from the 
Central Piovinc<‘S, 

1 

1 

P. N Dattn, Ceologicil 
Sui vey ol India. 

i 

I. from Beemasoor peak, 

Chicklah, Chandpur Pargana, Bhan- 
dara. 

Quantity received ^ ^ lb. 

Moisture (hygroscopic) . '04% 

ManganesL (Mn) . , 63 7i'’{, 

Phosphoric acid (P^O^) « 2*24% 

2 ntaunife, from Kuchoe, 1 mile S. by 
W of Silora on the Kunhun River^ 
Cbmdwara. 


: i 

1 

Qvintity recstved, i lb. 

1 Moisture (hygroscopic) , *26% 

1 Manginesi (Mn) . ^3 >5 

i’hosphoi 1C acid (PjOJ . 210^/0 

I Specimen of coal, fioni 
an outcrop in Jammu 
'lerntory. 

ChaiV*^ Tickell, Director 
ot Public Woiks j.inimu 
aiid Kashmir State, 
Srinagar. 

Proximate analysis. 

I Specimen of powdered 
^and, from b’ajmehal, 
and I of powdered quait/, 
from Mihijam. 

Voigt & Co , (Pioneer 
Glais Manufacturing 

Co , Ld-d Calcutta. 

1 

Silica pcrcentag ctermined. 

1 

2 Specimens of coal, 
from Cachar. 

Grindlay & Co., Calcutta. ^ 

1 

^ Proximate analysis. 

4 Specimens of decom- 
posed crushed quartz- 
rock, from Mr. Watson’s 
Estate in the Tavoy 
district 

] 

H. M. S M.ithens, Offg. 
Director ol the Dejiart- 
ment of Land Records 1 
and Agriculture,! 
Burma. 1 

No. I. Quantity received . 2ilb 

/ 5 
t 

1, 2. ,, . 22nj.f 0 

„ 3- . 19^' f 1 

j 11 4* 1) • 

1 Specimen of coal, from 
the Jherria coal-field, 
Manbhum. 

H. H. Macleod, Bengal 
Coal Co., Ld., Calcutta. 

Proximate analysis, with calorific 
power. 

t Specimen of coal. 

H. A. B.Evatt, Calcutta. 

Proximate analysis. 


D 


t Specimen of coal. 


Contains no gold. 
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List of Assays and Examinations made in the Laboratory, Geological 
Surrey of India, during the months of May, June, and July 
concluded. 
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Donations to the Museum, 


DONAl'IONS 10 THK MUSEUM. 


Prom ist Ma^ to 3iir July 1894. 

Mctcoriie (stony), weighing 8617 gmnimcs, fell about 4 P.M. on Wednesday, (jth May 
1894, in village IJoRi, Lai. 22^ l.ong. 78° 6" East, about 12 miles N.-E. of Badnu--, 
Bctul DislriU, Central Provinces. 

Sent bv Col. J. W. Macdougall, 

Deputy Commissioner, Bctul. 

Three spccirrcni, of Cobalt ore ; one of Steatite, and onf of impure Erubcscite and Pyritc, 
from Khetri, Rajputana ; one specimen of Plumose amphibolc and quail/, froni 
Oode>piir Territory. Chota Nagpur ; one specimen of Galena, from Tavoy, Burmah 
and one ‘'pecimcn of moonstone, from Ce\lon. 

PaLSENTFI) ]\\ \\'m» 

Several specimens of spinels, from Shamsiindcrpur. Hankuia District. 

Presented in Raja S\uiiindr\ Moimn Tvooui , r.i.i. . 

Paih uuA Gii\rA Uvruvri. 


ADDIllONS '\0 HIE LIBRARY. 
From isi Airil io ^oth Jcnl 


Iitlc,s 0/ Books^ Donors* 

nL\Kt, 7 - -f'’. — AnnaL of British Geology, iHgo.()i.g2. 8'' Loudi n, i8tj4. 

Bronn, Dh. //. C.— und ordnungen dcs rhier-Rcichs. Band II, Abth. II., 
hef Q— TO ar.d IV, lief 33^35. 8 ^ Leipzig, 1894. 

Klein, Dr. //. 7 .— Juhrbuch dcr Aslrunomic und Gcuphysik. Jahrg IV, 1893. ^ 
Leipzig, 1803. 

In ALT., Sir zl//f a/. — Asiatic STudics, ichgious and social. 8® London, 18S4. 
Paleontologie Franyaisc ire. scnc, Animaux Invcrtcbrcs. 'J'err. ins Tcrliarics, Eocene, 
Echinidcs. Tome II, livr. 32. T Pans, 189. 

SuESS, Prof. .EiL-— The future of Silver. 8*^ Washington, 1893. 

PERIODICALS, SERIALS, m . 

American Gcok’gi^L Vol. XI, Nos. 3—4 and XllI, No. 2. S'" Minucapolis. i8()t. 

American Journ.d of Science. Vol. XLVIJ, Nos 279 — 281. 8^ New Ha\cn, 189;. 
American Naturalist. Vol. XXVIII, Nos 327—329. 8° PhiUdclphia, 18114. 

Annalcn der Ph>sik und Chemie. Namcn register, 1874 — 1803, 8° Leipzig, 

Annalen der Physik und Chcinie. Neuc Folgc, Band LI, hcfi 3-4; and LIl, heft i--* 
8® Leipzig, i'^ 94 . 

Annalesdc Geologic et dc Paieontologie. Li\r, 12—13. 4” Rah -s 1894. 

Annals and Magazine of Natural History. Cth scries, Vol. XIII, Nos. 76—78. 8® 
London, 1894. . 

Ath(^ociim. Nos. 3463 “‘ 3 t 7 <^- 4 '" London, 1891. 

Beibliitter zu den Annalcn dcr Physik und Chcmic. Band XV III, Nos. 3—5. 8® Leipzig, 
1894. 
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Title of Books, DonorSm 

Chemical News. Vol. LXIX. Nos. 1789—1802. 4® London, 1894. 

Colliery guardian. Vol. LXVIl, Nos. 1732 — 1745. Fol. London, 1894. 

Geological Magazine. New series, Decade IV, Vol. I, Nos, 4—6. 8° London, 1894. 

Indian Engineering, Vol XV, Nos. 12 — 25. Fisc. Calcutta, 1S94, 

Industries and Iron, Vol. XVI, Nos, 1104—1117. 4® London, 1894-, 

Journal of Geology, Vol. II, No. i. 8^* Chicago, 1894. 

London, Edinburgh, and Dublin Philosophical Magazine and journal of Science. 5lh 
scries, Vol. XXXVII, Nos. 227 — 229. 8® l.ondon, 1894, 

Mining Journal. Vol. LXI V, Nos. 3054 — 3067. Fol. London, 1894. 

Natural Science. Vol. IV, Nos. 24—25. 8^ London and New York, 1894. 

Nature. Vol. XLIX, Nos. 1271—1284. 4^ London. 1894. 

Neues Jahrbuch fur Mmeralogie, Geologie und Faheontologic. Band L, heft 2—3. 
8° Stuttgart, 1894. 

Oil and Colourman’s Journal. Vol. XV, Nos. 164—166. 4® London, 1894. 
Paixontographica. Band XL, Iief. 5 — 6. 4® Stuttgart, 1S94. 

Fal.-eontologische Abhandlungen. Neue Folge, Band II, heft 3. 4*^ Jena, 1893. 

Petermann’s Gcographischer Mittheilungen. Band XL, Nos. 3—5. 4^ Gotha, 1894. 

Thk Eon or. 

Scientific American. Vol. LXX, Nos. 8 — 21. Fol New York, 1894. 

Scientific American. Supplement. Vol. XXXVII, Nos. 947—960. Fol. Ntw York 
1894. 

The Indian Engineer. Vol. XIX, No. 363 to XXI, No. 376. Fol. Caicuttn, i8h- 
Tschermak’s Mineralogische und Petrographische Mittheilungen. Band XI 11, heft 6. 
8® Wien, 1894. 

Zeitschrift fur Krystallographie und Mincralogic. Band XXIII, heft 1—2. 8' Leipzig, 
1894. 

ZeitseVrift fiir praktische Geologic. Jahrg. 1893, heft 1 — 12; and 1S94, heft 1—4 and 
6. 4 Berlin, 1893-1894. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Bomrxy. — Bomb.ay Gazetteer. Vol, XXVI. 8' Bombay, 1894. Bomhay Governmunt. 
„ Selections from the Records of the Bombay Government. New Scries 
Nos. 274— 275. Fisc. Bombay, 1893. Government 01 Bombay! 
Indm. — Annual Statement of the Trade and Navigation of British India with F'oreign 
Countries and of the coasting trade of the several Presidencies and 
Provinces for the years ending 31st March 1887 to 1892. 4' Calcutta, 

1887 — 1892. Government of India. 

„ Census of India, 1891. 

General Tables, Vol. 11 . Fisc. London, 1894. 

Revenue and Agricultural Department* 
Mysore, Vol. XXV, Parts I— II. Fisc. Bangalore, 1894, 

. Resident, Mysore. 

N.W.-Provinces and Oudh, Vols. XVI to XVIIL Fisc. Allahabad, ^894. 

Revenue and Aori cultural Department. 

„ .General Report on the operations of the Survey of India Department for 
1892-93, Fisc. Calcutta, 1894. Survey of India Department. 


22 



PART 3.] 


Additions to the Library, 


Title of Books, Donors, 

India. — List of Civil Officors holding Gazetted appointments under the Government of 
India in the Home, Legislative, FortMgn and Revenue and Agricultural 
Departments, conected 10 1st January 1894. 8" Calcutta, 1894. 

Home Department. 

„ Indian Meteorological Memoirs. Vol. VI, Part i. 4 Calcutta, 1894. 

Meteorological Reporter to Government of India. 

„ Monthly Weather Review. November 1893 to h'cbruary 1894. 4° Calcutta, 
1893-1894. 

M etforological Reporter to the Government of India. 

„ Register of original obserxations. reduced and corrected, November 1893 to 
February 1894. 4 Calcutt.a, 1893-1894. 

Meteorological Reporier to Government 01 India. 

Madras.— Madras Mciidian Circle Observations, 1880 to 1882. Vol VII. 4’ Madras. 

1894 ’ Madras Government. 

Punjab. — Final Report of the Revised Settlement of the Gurdaspur District in the 
Punjab. Fisc. Lahore. 1894. Punjab Government. 

„ Final Report on the Revision of Settlement, 1&89-Q1, of the Muktsar Pargana 
ard Mamdat Jrgir of the Ferozopore District .in the Punj*ab. Fisc. 
Lahore, 189;. Punjab Government. 

,, C.zci.vt. the Ar.ritsar District, 1892-93. Revised Edition 8’ Lahore, 
1894. Punjab Govern.mknt. 

TRANSACTIONS, PROCEEDINGS, ETC., OF SOCIETIES. SURVEYS, etc. 

Uallarat. — The Ballarat School of Mines Calendar for 1894 and Annual Report for 
1893. Ballarat. 1894. The School of Mines. 

B \L'j iMORL.— Johns Hopkins University Circulars. Vol. XllL No. no. 4° Balti- 
more, r8g4, Johns Hopkins University. 

Batavia. — Nalurkundig T^dsthiifl voor Nederlandsch-Indie. Dtel LII and LIII, 8° 
Batavia, ib88 — 1891. Batavian Society 

Belfast.— Report and Proceedings of the Belfc..,L rJalural hir' y and Philosophical 
Society, Session 1892 — 1893. 8"^ Belfast, 1894. The Society. 

Berlin. — Verhandlungen der GeselFchaft fur Erdkunde za Berlin. Band XXI, 

Nos. 1—5. 8° Berlin, iSgt- 

Bombay. — |ournal of the Bombay Br.inch of the Ro^al Asiatic Society. Vol. XVllI. 

Extia No. 49A. and No. 50. 8.® nomba>, 1893. The Soe ir.ry. 

,, Journal of the Bombay Natural History Sccicly. Vol. VIII, No. 4. 8° 

Bombay, 1894. The Society- 

Brussels. — Bulltin de la Societc Ro\ ale Beige dc Geographic. Annee XVil, No. 6- 
8® Bru.xell s, 1894. 

Budapest.— Termeszctrajzi Fnzetek. Vol. XVL Nos. 3—4. Budapest, 1894. 

The Hungarian National Museum. 

Calcutta.— ‘Epigraphia Indica of the Arch.ulo^ -al Survey of India. Vol. II, paits 

^ 14—15. 4° Calriilta, 1888—1891. Government of India. 

^ Journal of the Asiatic Society of Bengal. Vol. LXII, P.irt I, No, 4» 

LXIII, Part I, No. i ; and title page and Index for 1893. 8° Cal- 
cutta, 1893—1894. The Society. 
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TitU of Donors. 

Caliuita. — Proceedings of the Asiatic Society of Bengal. Nos. i — ^4. 8° Calcutta, 

The Society. 

Proceedings and Journal of the Agricultural and llcrticultural Society of 
India, January to March 1S94. 8° Calcutta, 1894. 

The Society. 

M Records of the Geological Sur\ey of India. Volume XXVII, parts. 1 — 2. 

8° Calcutta, 1894* Geological Survey or India* 

» Suney of India Department Notes for March and April 1894. Fisc. Cal- 
cutta, 1894. Survey of India Department. 

Cambridg B.— Transactions of the Cambridge Philosophical Society, Vol. XV, part 4. 

4® Cambridge. 1893-1894. The Society. 

„ Twenty -eighth Annual Report of the Museums and I ecture Rooms 

Syndicate, Cambridge University, for 1893. *8® Cambridge, 1894. 

, The UvivER.snv. 

Cambridgk, Mass —Bulletin of tie Museum of Comparati\e Zoology. Vol XXV, 
Nos. 5 — 6 8.^ Cambridge, Mass., 1893-1894. The Museum. 

Dresden.— Sitzungsbenrhte und Abhandlungen der N.iturwiAscnschaftlichen Geselis- 
chaJt, Isis in Dresden. Jahrg. 1893, July to December, 8® Dres- 
den. T894. Isis Soc itrY. 

RniNBURGH. — Scottish Geographical Magazine. Vol. X, Nos. 3—6. 8° Edinburgh, 

1894. TlIP SOCILTY. 

r ran K i ORT.— Abhandlui gen \on dcr Scnckenbergischcn Nnturforscht nden Gcsclls- 
chaft. Band XVIII. heft 2. 4“ Frankfort- A-M , 1894 

OoiTiNcrN — Nachnehten von der Koniglichen Ge^ellschaft fler Wissenschaften zu Got- 
tingen, Nos. 15 — 21 (1893) ; and No. I (1894). 8° Gottingen, 1S93 — 
1S94. The Society. 

Lausaune. — Bulletin de la Societe Vaudoise dcs Sciences Naturalles 3m c sene. Vol. 

XXVI, No. 102, and XXIX, No. 113- ^ Lausanne, 1811^5-1394. 

^ The Soc ietv. 

Lfjpzig. — Milthcilungcn dcs Vtreins fur^Erdkunde zu Leipzig, 1893. 8“ I cip/ig 
1894, SOCIEIY. 

„ Ve» hand I ungen dcr K. K, Geologischcn Rcichsanstalt. Nos. i — 4. 8® 

Leipzig, 1894. Institute. 

Lipgb.— A nnalcs de la Societe Geologiquc de Belgique. Tome XXI, livr. i — 2 8° Liege, 
1893-1894. The Society. 

Lisbon. — Direction des Travaux Gcologiqucs du Portugal. Description de la Faune 
Jurassique du Portugal. Clasi>e des Cephaiopodes par Paul Choflat. 
1st senes. 4® Lisbonne, 1893. The Commission, 

London. — Journal of the Chemical Society. Vol. LXV, No. 376 to LXVL, No. 378. 
8 London, 1894. 

„ Journal cf the Society of Arts. Vol. XLII, Nos. 2135 and 2154—2168. 8® 

London, 1894. The Society. 

Mineralogical Magazine ai\^ |ournal of the Mineralogical Society. Vol. 

No. 47. 8° I-ondon, 1894. 

Proceedings of the Royal Institution of Great Britain. Vol XIV, ^Paix 1 , 
No. 87. 8° London, 1894. The iNSTiiuxioN. 

,, Proceedings of the Royal Society. Vol. LIV, Nos, 330—332. 8® tondom 
1893-1894. The SOCIETY. 
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THU of Booh. 

London.— Proceedings of the Zoological Society of London. Parts i (i8ot)and a tiSrut 
8'’ London. iSgi and 1894- The Societt! 

„ Transactions of ’the Zoological Society of l^ndon. Vol. XIII, part 8. 4® 
London. 1894. TheSocietv. 

„ Quarterly Journ.al of the Geological Society. Vol. L, part II, No. 198. 8“ 
London, 1894. The Society, 

, The Geographical Journal. Vol. Ill, Nos. 4—6. 8° London, 1893-1894. 

Royal Geographical Society. 


Madrid.— Boletin de la Sociedad Gcografica dc Madrid. Tome XXXV,. Nos. 4—6, and 
XXXVl, Nos. 1—4. 8® Madrid, 1894. The Society. 

Manchester.— Transactions of the Manchester Geological Society. Vol*. XXII, parts 

8 ° Manchester, 1894* The Society. 

Melbourne.— Proceedings of the Royal Society of Victoria, New series, Vol. VI. 8“ 
Melbourne, 1894. The Society. 

Milan. — AUi della Societa Italiana de Scienze Natural i, Vol. XXXI V, fasc. 4. 8° 
Milano, 1894. The Society. 

Moscow. — Bulletin de la Societe I mperialc des Naturalistes de Moscow. Annde 1893, 
No. 4- 8° Moscou, 1894. The Society, 

Naples. — Rendiconto dell’ Accademia dellc Scienze Fi.sichc E Matematiche. Series 11 ., 
Vol. Vm, anno XXXIII, fasc. 4^ Napoli, 1894. 

The Academy. 

Newcastle-upon-Tyne. — Transactions of the Federated Institution of Mining 
Engineers. Vols. VI, and VII, parts i — 2. 8° Ncwcastle-upon-Tync, 


1894. 

OxfORP.— Catalogue of Books in the RadclifTc Library, Oxford University Museum, 
during the year i8v;3. 8° Oxford, 1894. The Museum. 

Paris, — Annales dcs Mines. 9'"' seric, Tome V, li\r. i. 8° Paris. 1893-1894. 

Department op Mines, Paris. 

„ Anniiaire Geologiquc Univcrscl. Tome IX, fasc. 3. 8"^ ’Paris, 1894. 

The Editor. 


Bulletin de la Socielc de Gcographie. i™** serie, Tonic ‘’TV, Nos, 3—4. 8® 
Paris, 1894. The Society. 

Comptes Rendus des Seances de la Societe de Geographic. Nos. 4— 12. 

Paris, 1894. The Society. 

Bulletin de la Societe Mineralogique dc France. Tome 1 to XV. 8° Paris, 
1879 to 1S92. 

Penzance.— Transactions of the Royal Geological Society of Cornwall, Vol. XI, part 8. 

8° Penzance, 1894. ^ The Society. 

Philadelphia. — Journal of the Fr.anklin Institute. Vol. CXXXVIl, Nos 3 5* 8* 

Philadelphia. 1894* The Institute. 

Pisa,— Atti della Socicta Tcscana di Scienzi Naturali. MLmnre, Vol. XIII. 8® Pisa, 
1894, The Society, 

Atti della Socicta Toscana di Scienze Naturali. Process! Vrrbali. Vol. VI, 
pp. 73—82 ; VII, pp. 81-234; and IX, p.p. 1—62. 8° Pisa, 18S8— 1894. 

The Society. 

Rome.— Atti della Reale Accademia dei I.incei, Rendiconti, Scrie V, Semestre I, 
Vo>. in, fasc. 4—8. 8“ Roma, 1894. The Academy. 
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Title of BcoU. Donor h 

Sai^em, M nss ’—B ulletin of the Rsses: Institute Vol. XXV, Nus. in'^12, and XXVI, 
Nos 1^3 8® Salem, Mass, 1893 THElssmuTr. 

San ^R^^c^!iCO. — Memoirs of the California Academy of Scicncts. VoK H, No. 3 
8° San hraniisro, 1893-1894. The A<. vdemy. 

S70CK.H01M — Bibang fill Kon^l. Svenska Vctmskaps-Akademiens. Handlingar 
Band XIV to XVIII. 8® Stockholm, iSSg to ibQV Ihe Academy. 
,, Kongl. Svenska Vetenskaps Akadcmiens llandlingar, Bandct XXII 

to XXIV. 4* Stockholm, ib86— 1S91 I he A( apimy 

,, Mctcorologiska lakltagelser I* Sverige. Scrien 2A, Band Xlll 

• XVI 4® Stockholm, 1885 — 1888 TfiF Academy. 

Sj Pei ersbcro. — Ver). mdlungen dcr Russisch — Kaiserlichcn Mincralogisclien Gosclls- 
chaft 7U St. Petersburg. Sene 11, Band XXX 8® St Paers- 
bourg, 1894. I HE Sot I FI Y 

Sy DSEY —Annual Report of the Departmeent of Mines and Agritulture, New South 
Wales, for the >ear 1893. Msc. Sidney, 181)4. 

Deft 01 Mines, N S Walis 
„ Catalogue of the Australian Birds in the Australian Miibeum, Sydney Pait 
IV b° Svdn€>, 1B94. Tnv Musium 

,, Proceedings of the I innean S<iciciy of New South Wales 2" sene, Vol 
Vin,pts 2—3 8® S>dnc>, 1^03-189) Thp Solicit, 

I oKio — Mittheiliingcn der Deal schen CfCsclKch ifi fur Natnr und \ olkcrkund* O^tj- 

siens in lukio. Band \ I , heft 53 8^ lukio, jSg4 'Ijjr Sociiiv 

Foromo — Seventh Annual Report of the Canadian Institute, Scssn n 1S03-94. 

Toronto, 1894. Tiif iNsmurE. 

, Fi ansactions of the Can'idian Institute \ol IV Part 1, No. 7. 8®. loronlo, 

1894 The Instii t i r. 

I I RiN. — Alli oclla R. Accadcmia delle Science di Toiino \ol , XXIX, disp 1— ; 8 

Fonno, 1893-1894. I he A( adlmy 

Venice.— A ttidel R Istitufo Venclo di Scicn/e, Ccttcie cd Arti f> sene. Tomo I II 
dibp. 3, and 2'' Appendix to lome I , disp. 10. b® \ cnc/ia, 1893 iSuj.. 

Thf iNSTiruifc. 

VifNNx — Annalen dc*; K K Naturtnstonschcn Hofmuscums. Band VI II. Nos i — 4. 

8® Wien, iSy3 The Museum. 

„ Sitzungsbenchtc der Kais Akadcmic der Wissonschaften 

B.ind ( I Abth I, heft 8 — 70 
»» I »> 1 1 9 }f 0-— I (>. 

11 «* Ilb, ,, I o, 

1, », » 111/ >> 

S" Wien, 1892. The Academy 

Washington.— Bulletin of the United States National Museum, Nos 44 — 46. 8^ 

Washington, 1894. The Museum 

„ Proceedings of the United Slates National Museum, Vol. XV. 8° Wash- 
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Note on Geology of Wuntho in Upper Burma, by Fritz Noetling, 
Ph.D,, F, G, S., Pala'ontologist^ Geological Survey of India^ with a 
map. 

Geographical features . — The area described in the following pages comprises 
part of the Wunlho sub-division of the Katha district in Upper Burma. It extends, 
roughly speaking, between lltygaing on the Irrawaddi, and the Mu valley; in its 
eastern part only low hills rise from the surrounding plains, but in its western part 
the large jf the Maing^hong hills form a tract of approximately 75 miles in 

length. 

7 ’he Maingthong hills, which I partly examined begin near Lat. 23° 45' and Long. 
90® 2 d near the junction of the Daung)u Choung with the Mu river. From this 
point the hills extend m a nearly northerly direction, the tract widening out gradual- 
ly till it reaches its greatest breadth of 30 to 35 nines near Lat. 24® 5^ 

It may be said to be limited by the broad vallejs of the Mu and its tributary the 
Nam-Maw in the west, but its eastern boundary is less sharply defined. In the 
southern part the broad Wuntho valley forms the boundary, but further towards 
north the low hills to east come quite close up to the central massive forming for 
some distance a low watershed bclw'een the and Mu livt i North of these 
low hills the eastern boundary is again well defined being fo4‘ led by the broad 
valley of the Meza river. 

The highest point in this hilly tract is Maingthong hill (5,510 feet), the south- 
western spurs of which have been geologically examined. 

The Toung-lhon-lon (5,565 feet) at Lat. 24® 56' and Long. 95® 52' may possibly 
form the northern continuation of the Maingthong tract, but it was not visited. 

Geological features . — I can only give a rough outline of the geological features 
of this area, owing to the almost unsurmouniable difficulties, which the dense, 
nearly im"penetrable jungle places in to the way of geological researches. Here and 
there a rock protrudes from under the thick vegetable mould which everywhere 
covers the ground. But nothing can be seen of the dip and strike of the strata. 
The trained eye, however, learns very soon to juu^e from the difference of the sur- 
face soil, whether a change in the nature of the underlying rocks has taken place* 
For instance, it is always easy to distinguish whether there are tertiary strata or 
tliorite tn situ below the surface soil, but the exact boundary lines must be guessed 
ai. Even the valleys afford little opportunities for the geologist, owing to the im- 
penetrable jungle. 
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As far as I coM ascertain only eroptive rocks fake part in the fomaiion of th 
Miiingthon hill Iract whilst the surrounding low hUls to the east, south and west of 
the eruptive mass consist of miocene beds, both of the lower or Chiadwin and 
the upper or Irrawaddi group. Older formations occur only close to the Irrawaddi 
river, where the low ridge which runs almost due north, near Htyga/ng, is formed 
by mica schists, with an easterly dip; some traces of metamorphized carboniferous 
limestone may be seen on the eastern side of tlie ridge which forms the watershed 
between the Meza and Mu river, the crest of' which is formed by an extensive ser- 
pentine dyke. 


A.— Erui^ive Rocks. 

I. Quarfz Dioriie , — The rock which is chiefly developed in the Maingthong hill 
tract is a cr)'sialline rock which from its outward appearance must be placed 
between granitites and quartz diorites. 

So far as it is known the quartz diorite occupies chiefly the central part of the 
tract ; it is well seen on the road from Wuntho to Pinlebu, between the villages of 
Myelin and Hethat, that this is so may be seen on the footpath which leads from 
Wuntho to Myelin, but the locality where I found it best developed is the Tayaw- 
choung, a feeder of the Vu river ; here enormous masses may be seen in rounded 
forms covering the slopes. 

There is sufficient reason to believe that the quartz diorite is not only developed 
in the shape of a central mass, bnt that numerous dykes radiate from the centre, 
which show a considerable difference from the central mass ; such a vein may be scon 
in the Nam-Maw ravine east of Mawteik where it undoubtedly penetrates the 
black rock (apffianite). Occasionally veins of white quartz may be seen in the 
diorite, but so far as I know they are not metalliferous. 

3 . In close connection with the diorite occurs a hard black rock which is deve- 
loped either in homogenous masses or is well stratified. This mode of occurrence 
may be seen in the Nam-Maw ravinp, east of Mawteik ; after having passed Mawteik 
where a truly intrusive rock of the trap type can be seen, an exceedingly bard dark 
rdek forms the bed of the river ; for about half an hour this rock may be traced without 
any apparent change being noticed, e.xcepting occasional fissures; then the rock dis- 
appears beneath the jungle, and when it crops out again, it is apparently of the same 
type, but now well stratified. The strike i.s 45"" N. E.-S.W. and the dip 45® W. 

It is crossed by a system of jointing, running 340° N. N.-W,-S. S. E, and dipping 
62** E. 

Mr. Holland describes this rock as follows : — A compact bluish-green rock 
breaking with a semi-conchoidal fracture, studded with minute grains of magnetite 
pyrites and pyrrhotite, the last-named minerals occurring also in irregular patches. 
Specific gravity 2*86. Under the microscope the rock presents the characters of a 
volcanic agglomerate rather ordinary lava or a dyke rock. Friigments of 

plagioclase felspars, hornblende and augite in all stages of decomposition are mixed 
with opaque grains of magnetite and pyrites in n microlithic groundmai. It con*^ 
tains a trace of gold but not enough for estimation. | 

Mr, Holland further remarks that only the occurrence in the field can decide 
exactly the origin of the rock, but from the microscope alone it seems toibe a con- 
solidated volcanic ash. 
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Mr. Holland’s supposition is perfectly correct ; when I first discovered this rock 
it struck me at once as not being of truly sedimentary origin, although being perfect- 
ly stratified. In fact the bedding goes so far that the grains and patches of mag- 
netite pyrites run parallel to it. My first idea was that this must be a consolid* 
ated volcanic ash, very probably deposited in water. At all events under this cir- 
cumstance the hard bluish rock mentioned above is also a cemented and hard* 
cned volcanic ash on the top of the stratified beds. 

This hardened volcanic ash may be seen all alcng the outskirts of the Maing- 
thong hill tract forming particularly the surrounding region ; I first noticed it 
near Padeingon, [about 15 miles in a straight line north of Wuntho, and from there 
I traced it all along the lower hills which form the outskirts via Pinion, Kyaungon, 
as far as Wuntho ; on the road from Wuntho to Pinlebu between the 7th and 8th 
mile where there arc extensive old gold-diggings, this hardened volcanic ash shows, 
according to Mr. Holland, exactly the same composition as that from Mawteik 
which is not less than 28 miles in a straight line distant from that place. Here 
the simultaneous occurrence of the stratified and the n on-stratified beds can also 
be seen, and the first are apparently the lower ; a sample of the non-stratified rock 
exhibits the following characters i—A coarser grained rock than that from Mawteik, 
presenting the characters of a compact and altered agglomerate. There is a con- 
siderable dovei Mn>^nt of epidote at the expense of the decomposing felspathic 
material which is in large quantities. Fragments of amygdaloidal andesite are 
occasionally found included and undergoing the general decomposition. Specific 
gravity 2*884. I need hardly add that it also contains numerous specks of 
magnetite pyrites. 

To me it seems most probable that the dic.itc and the volcanic ash are in 
generic connection, although this has not been actually proved yet; the probably 
sub-marine diorite eruptions were accompanied by large showers of ash which 
form now these pseudo-sedimentary rocks. Undoubtedly, subsequent eruptions 
produced dykes, which intruded into the surrounding ash masses and these dykes 
chic (ly attract our attention. They were of two tvpes— one, ^’‘'sely allied in com- 
position to the diorite ; the second, chiefly consisting of fc. .•'iihic quartz which 
contains a more or less considerable quantity of auriferous pyrites. 

(a) Pyritic veins {auriferous,^ 

The known pyritic veins are only found on the eastern side of the Maingthong 
hill tract, but I have not the slightest doubt, that subsequently they will be 
found at other places within the ash-girdle. Beginning from the north the fol- 
lowing localities are known where these veins occur : — 

1. Gwegyi. 

2. Toungni i^ear Padeingon. 

3. Chouk-paza-donng, close to Padeingon. 

4. Theindoo-choung, near Pinion. 

5. Mayutha. 

All these places are quite close to each other, the distance from Mayutha lo 
Gwegyi being not more than 12 miles in a bee-line. So far as it has been observed 
the veins do not run in any particular direction, but I may be wrong here. Any- 
how the small holes in which the veins were exposed, did not permit a definite 
opinion ; only when their extent is known, can this question be decided. The 
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veins naturally vary in thickness, as well as in the quantity of pyritic ore which they 
contain. The t^iickest vein which I have seen is that of Toiin^^ni ; the ore contain- 
ed a comparatively small quantity of pyrites ; on assay it yielded 4 dwt. 1 5 grs. of 
gold to the ton. The ore from Chouk-paza-doung which occurs in a vein of about 
9 to 13 inches in thickness is much richer in pyrites, but it yielded only 1 dwt. 
7 grs. of gold. 

At Pinion, of which Mayutha is probably only the continuation, the vein is 
about 4 inches in thickness, but consists nearly throughout of pyrites. On assay it 
yielded only a trace of gold, although there is seemingly a connection between 
the quantity of pyrites and gold contained in the ore ; that is to say, the richer in 
pyrites the poorer in gold, this supposition requires however a great deal more con- 
firmation before it can be accepted. 

However it is not only the quartz veins to which the occurrence of auriferous 
pyrites is limited, much more frequently it is largely dispersed in small crystals 
through the ash ; in fact we may say the occurrence in veins is only a concentrated 
form of the occurrence of the auriferous pyrites in the ash. Pinion offers a good 
example of this ; as above mentioned, there is a comparatively thin vein of pyrites 
traversing the volcanic ash, which itself shows not race of pyrites, at a distance 
of about 300 yards from the above place the ash, however, shows numerous 
small pyritic crystals and old diggings prove that the natives have been 
working here for gold. Typical localities of the second mode of occurrence of the 
pyrites are— 

1. Gotama hill near Wepone, north of Wuntho. 

2. Kyoukpyu, between the VII and VIII mile on the road from Wuntho 

to Pinlebu. 

3. Nam-Maw east of Mawteik, Pinlebu Sub-division. 

Besides the above there are undoubtedly numerous other places; for instance 
the frequent occurrence of crystals of pyrites in the streams near Gyodoung (north 
of Wuntho) prove that it must be found west of that place. 

(5) Galenifercus veins {ars'eniiferous). 

Besides the pyritic ore there occurs on the western side of the Maingthon hill 
tract a galeniferous vein of Ccrussite under very similar circumstances. The first 
locality where I found it is called Kaydwin (Kay-lead, dwin-mine) situated in the 
ravine of the Nam-Maw, east of Mawteik and still further to the east from the place 
where the pyritic ash had been observed. As far as I was able to ascertain without 
making extensive diggings it is a vein of, as Mr. Holland describes it, an igneous 
rock of the aphanite group being composed principally of lath-shaped plagioclase 
felspars, hornblende, and relics of augites with considerable quantities of granular 
magnetite. The whole rock has been considerably decomposed ; epidote has form- 
ed and veins of other products of decomposition occur. The strike of the vein is 
apparently N. N. E.-S. S. W.; but «wing to the unfavourable position of the outcrop 
this could not be ascertained. The thickness varies, but in the average it iaf not less 
than 4 feet. The cracks of this vein are filled with veins of Cerussite, whi(ii forms 
thin layers encrusting the rock. According to Mr, Holland it yielded 6g’i 
per cent, of lead and 33 oz. 1 6, dwt, 4 grs. of silver to the ton of lead. 

Following up the direction of the strike in a south-westerly direction at a 
distance of about six miles in a straight line, another locality called Mawkwin 
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exists where the natives have been digging for lead. The mode of occurrence 
being tlie same, it is undoubtedly that this place represents the southern continua- 
tion of the Kaydwin outcrop. 


(c) Salt springs. 

Another most remarkable occurrence within the area of the volcanic ash on the 
western side of Mainthong hill tract, is that of salt sj)rings. 

They are usually found in the bed of the streams where the brine oozes out 
from the rock. Such places are : — 


Kyatngatin the Nammaw ravine 
Kaydwin „ „ 

Taungmaw „ „ „ 

Natdaw „ „ „ 

Mangyi „ 

Mawkwin in the Tayaw ravine. 
Senan ,, 

Sagyin 
Magyibln 
Kya-wut-maw 
Sinsamaw 
Zibinmaw 
Nayaungbinmaw 


Nam of 


stream unknown, but close to the above. 


If the situation of these salt springs is fixed on the map it seems that they occur 
along a line which runs about norlh-north-west and that they arc chiefly found 
at such places where the erasion of the streams has cut across it. It is therefore 
highly probable that these salt springs follow a line of fault, which seems in the 
main to run parallel to the Ccrussite vein. 


B.— The younger formations. 

Maingthon hill tract is surrounded on all sides by tertiary strata, which in no 
way differ from those observed elsewhere in Burma. Yellowish soft sandstones and 
brown clays form the upper beds, and blue clays with ferrugi' is concretions, and 
grey sandstones, arc picdominant in the lower part. The te..uiry strata come up 
quite close to Maingthon hill tract ; in fact, they form part of it, and on its western 
side they compose the lowest spurs. Whether there is a line of disturbance between 
the teftiaries and the eruptive centre is dillicult to say. 

On the western side the older lertiaries or Chindwin group may be traced for a 
long distance; these beds are of small thickness comparatively, and form a narrow 
band which skirts the central raassiv ; it is followed by the upper terti irics, the 
Irrawaddi sandstone, which is easily recognizable by its characterstic escarpments, 
facing east ; there is no doubt that the Irrawaddi sandsici.e extends to the west as 
far as the Chindwin. 

The general dip of the tertiaries is towards cst. 

On the eastern side the Chindwin sandstone has not been observed yet, but 
there is every reason to believe that it may yet be found. General dip towards east. 

The way In which the tertiaries follow the contours of the central massiv con- 
vinces me that they were not only deposited along it, but that they once covered it 
entirely. The older eruptive massiv was only laid bare by the same action which 
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resulted in the folding of the tertiaries. Once laid open to denudation the softer 

lf?h V were of course washed away easier than the liard diorite. As a result 

tract ^ diorite massiv protrudes in the form of a high hilly 

tract from the surrounding low-lands of tenJarv r\ .u . , 

numerous outcrops of coal sean^^ whfch h.T ^ 

, beginning north, run as follows 

I. Chookpyachoung between Mansigalc and Pinmu. 
by a clayey parting- ftVfdSwbg'^ isIlL re^on^nTe^nXVrd^^^^ 

7 Clay. 

6 Shaly coal, i8 inches. 

5 Brown soft clay, 12 inches. 

4 ShaJy coal, 10 inches. 

3 Good hard coal, j inches. 

3 Slialy coal, 3 inches. 

I Clay of unknown thickness. 

veo^ shLy“n factjt‘ cl^ha^dlyTe'conJiSred as mo'rih"^"" r 
.. Tabawda-Choung a feeder t! Z " 

west of - Mansigale, }’aw-Choung, abo'jt three miles south- 

dips west at an angle (if about'" o* ravine ; ihe seam 

order:- * i about lo . The following is the section in descending 

9 Clay. 

8 Shaly coal, 14 inches. 

7 Brown bituminous clay, la inches, 

0 Shaly coal, 7 inches. 

5 Good coal, 6 inches. 

4 Shaly coal, 1 inch. 

3 Good coal, a inches. 

3 Shaly coal, « inch. 

1 Bluish clay of unknown thickness. 

3. Milaunggon.last oTpinlebm' 

served; it is absoluLy^^rn'oSrnmerdK^^^^^ disturbed position, may be ob- 

^ Subofcom, about the 34th mile from Wuntho. 

The outcrop is found in the bed of a verv n.,r« 
covered by jungle; unless exposed by tre7ch« „oT “uch 

out-crop ; but judging from the others, it ^ not ver^ 

particular value. The seam dips west at an anti n 7 ^ of 

>ng IS the analysis of a sample of Tfe apparently io» Th^ follow- 

Moisture 

Volatile matter . ^ *’*••• 7*68 

Fixed carbon , ^ * * * • • • 34*43 

Ash • 53-58 

According to this analysis the rf»i i j . ' * 

exists in suflicient quantity. ’ ® 8^®®^ ^uel provided it 
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5. Moungaw Stream, tiear Yuyinbyct village, south of Pinlebu. 

Two outcrops can be seen here : the lower one is a seam of shaly, [brittle coal of 
about two feet thickness imbedded in clay, the second shows a seam of 4 to 5 feet 
good coal covered by about 8 inch of shaly coal ; the out-crop was unfortunately 
partly covered with water, which prevented further examination. Dip about 10® 
towards west. I’hc following is the analysis of a sample of this coal : — 


Moisture • 


• 



• 

, 6’6o 

Volatile matter 

, , 




• 

. 3424 

Fixed carbon 

, , 





52’32 

Ash 

« 

. 

• 

• 

. 

. 7’04 


The coal is so exactly similar in composition to that from Subokom, that, consi- 
dering the position of the two localities, it is highly probable that both belong to 
one and the same seam, of which the Moungaw out-crop is the southern continua- 
tion. 

6. Wclabin-Choung, about i mile west of Engwe village on the Yu river. 

I discovered only a scam of shaly coal here which closely resembled that of 
Milaunggon. However, another seam must be in situ in the same stream, which 
is hidden under the detritus, for fragments of good hard coal have been washed out 
and prove its existence higher up. According to the analysis it contained — 

Moisture 

Volatile matter « . , , . . . . 36’I4 

t^ixed carbon 4 ^’ 5 ^^ 

Ash 7^>o 

It is therefore in no way inferior to the coal of the above named two places. 

C. — Economic value of the minerals in the Maingthong hill 

TRACT, 

I. — General Conditions. 

Before going into the details of the value of the minerals mentioned in Section 
B,, it will be useful to discuss such questions first, which would apply generally 
to all raining operations in Wuntho, namely, accessibility, labour, water and fuel- 
supply. 

As regards accessibility, there can be no doubt that the op ing of the railway 
line to Wuntho has greatly facilitated mining enterprise in those parts of Burma. 
Without the railway, mining in such a country would be oiu of the question alto- 
gether ; the forty odd miles from Htygaing, the nearest river station, to Wuntho, across 
a country which is a swamp for the greater part of the year, would never permit any 
raining enterprise. But even supposing the necessary tool and plant having 
safely arrived by rail at Wuntho, there still remains a good dr^ance to be covered 
by carts. The pyrites mines are more favourably situated, the railway line 
running nearly parallel to the eastern spurs of the M^^n^rthong hill tract ; but 
there are still, in the most favourable case of 1 heindoo-choum? and Mayutha 
at least 10 to 12 miles of very difficult countr- to be traversed by i .cA ; in the case 
of the other mines, the distance is greater siill. It may be said, however, that, 
although the co**! of transport is great, it would not be prohibitive in the case of 
the pyritic veins. 

As regards the coal-mines, the nearest outcrop is 32 miles over a much broken 
country, from the railway station, a distance which in itself would render it an 
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unprofitable undertaking to work these mines, considering the favourable 
position of the Kabwet colliery, which is open to communication either by river or 
rail. The lead-mines are still more unfavourably situated, there is a cart road 
from Pinlebu to Wuntho (at present, however, only practicable during the dry 
season) ; but beyond Pinlebu, communication is rather difficult ; the total distance 
from the railway station to the Kaydwin being not less than 68 miles over very 
broken country, which in my opinion wdl enhance the cost of transport so much 
as to make it a most unprofitable concern even if the ore contained 33 ounces 
of silver to the ton. 

With regard to labour, it may at once be said, that to rely on local supply 
would wreck any mining enterprise from the very beginning. Probably one or 
the other local cootie, attracted perhaps by high wages, will for some time work 
in a mine, but it is more than doubtful whether they would take up the work 
in any number, and, what is the most important point, would persevere in it. 
The population consists chiefly, if not entirely, of agriculturists, who are not likely 
to give up their coraparathely easy work, which affords them a sufficient if not 
ample livelihood, with plenty of spare time. If they could be induced to lake 
up working in a mine, they would most probably only do so during the off season, 
and return to the culiu’ation of their fields when their presence is required. 
Labour must therefore be imported at undoubtedly considerable expense, if ever 
mining operations were started in those part.s of Burma. Finally, another point 
must not be overlooked ; Wuntho, in fact the whole of the Maingthong hill tract, 
is an excessively unhealthy and feverish country, as I have experienced myself. 
The death-rate amongst the coolies would be sure to rise to such a point that 
exorbitant wages would have to be paid to the labourers to induce them to stay 
on. The sanitary conditions would undoubtedly improve immediately the jungles 
were being cleared and the coolies fairly housed, but at the beginning the 
death-rate would certainly be a high one. There is plenty of water all the >(‘ar 
round, an important matter, if it were to come to the setting up of stamning 
batteries, and there would be no lack 'of fuel, at any rate within the first l\^cnly- 
five years, the country being thickly slocked with wood. 

To sum up, accessibility in all cases, except the coal and lead mines, fairl> 
good. Water and fuel plentiful ; local supply of labour next to none. 

3. — Value of the minerals. 

Having dealt with the general conditions, on which mining enterprise in 
Wuntho will depend, it remains to discuss the value of the different minerals which 
are likely to be exploited. These arc — 

I. Auriferous pyrites. 

9. Argentiferous Cerussite, 

3. Coal. 

4. Salt. 

I. Auriferous Pyn / es . — It must be understood that all the gold found in the 
Maingthong hill tract has been derived from the decomposition of iron pyrites, 
whcdier gold be found in specks, in the surface soil, or in small grains iitcloscd 
in the quartz. The sooner it is understood that the gold found in the quartz 
is not primary, but a residue of a chemical process, /. the decomposition of the 
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iron-pyrites, the more will the dilTicultics be realized which will have to be encoun- 
tcred when exploiting these auriferous ores. 1 do not doubt that at the outcrop 
of the pyrites-veins metallic gold has been found, although I did not find it 
myself; the Choukpaza lode for insUnce shows unmistakeable signs that its outcrop 
had been worked by some body and for some purpose, and if the natives state 
that this purpose was the extraction of gold this statement is probably correct. 
I have also no doubt that the same may be the case with other localities, for 
instance, Toungni near Padeingon or Gwegyi. But my opinion is, that I do* not 
believe that the occurrence of metallic gold at the outcrop of these lodes will con- 
tinue to any great depth. Sooner or later it will disappear, and be replaced by un- 
decomposed iron-pyrites. Then the difficulty of dealing with a ‘‘ refractory ore 
will have to be faced. This is the point which I want to put stress upon. Wc 
have, therefore, to answer the question : does the iron-pyrites contain a sufficient 
[lercentage of gold, so as to make its extraction a profitable business? This may be 
answered with no, as far as our present knowledge enables us to form a judgment. 
The richest ore contained a little over 4 dwt. of gold to the ton ; but although as 
small a quantity as 3 d%vts. is sufficient to pay some of the Australian mines, 
it is hardly beyond a doubt that in Wuntho the expenses will be too high to make 
gold-mining a payable concern, unless a higher percentage of gold to (he ton of 
pyrites ore could be proved. 1 ejuite believe that should gold mining be really 
stariod soi.tC 01 ihc mines would pay a small dividend during a couple of years 
or so, but when the small supply of metallic gold, prepared in the chemical 
laboratory of nature, has been exploited, and when it comes to extract the gold 
fiom the pyrites, which holds it with an iron grip, every single one of the mining 
concerns will ingloriously break down. It mav be argneil that the natives have 
extracted gold at various localities in the Mainglhong hill tract. True enough, 
and countless old and deserted diggings prove that they actually did, but it must 
not be forgotten that a native feels himself amply paid if he gets a few annas 
weight of gold after a month of hard work. The native does not employ expensive 
mechanical labour, and an equally expensive staff ; a primitive pickaxe, a wooden 
shovel and a pan made on the spot, an ample oupply of wa' is all he requires. 
With that outfit he sets to work, diligently, day per day ; a d when he thinks 
he has exhausted one place, he moves on to another. Small as his earnings may 
be there is no question that they sum up, if we suppose, that this work has been 
steadily going on for years and years. The gold which eventually comes to the 
market is perhaps the accumulated result of years of work. But if the same 
quantity were to be obtained within a short period of time, the working expenses 
would simply be higher than the value of the gold extracted, 

2. Argentiferous Cerussite * — The results of the analysis prove that this is a 
highly valuable ore, and so far as I have observed iheri »* a large quantity still 
available, but as I have already said, it must remain doubtful whether under 
the present conditions of railway communicati . and costly labour laese ores could 
be worked profitably. 

3. Coal . — According to the analysis the coal is of good quality ; but not 
largely in excess of that from Kabwet or the Chindwin. It is in fact up to the 
average coal from the Burmese Territories, which makes a fairly good fuel, provided 
there is a sufficient quantity of it. But so far my examination of several localities 
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where such coal exists, does not warrant a veiy hopeful view, and in fact, except 
at one or two places, the scams are of wretchedly poor quality, consisung chiefly 
of coaly shale. 

— In conclusion I may mention in few words how the natives utilize the 
salt springs. I have already stated that these ^springs are almost always found 
along the stream beds; and the natives have overcome the difficulty of obtaining 
a strong brine for evaporation in a most ingenious way A fairly sized log of 
wood IS hollowed out in the centre, and driven into the bed of the stream over 
the spring, whilst the space between this hollow cylinder and the rock is safely 
plugged with clay. A bamboo-wicker work is then placed round the wooden 
cylinder and the space between the two filled with clay, well rammed in ; a few 
heavy boulders, on the top protect the clav from being washed away. The brine 
then rises in the wooden lube sometimes above the level of the surrounding stream. 

It is pumped out in the ordinary way by means of a pot, and then boiled down, in 
the way as described by me in a previous note on a salt spring near Bawgyo m the 
Shan States. 


Preliminary notice on tJu Echinoids from the Upper Cretaceous Sv stem of Baliich- 
ibtin, hv Fritz Noeiling, Ph D., F.G.S , Palifontologist, iitological Surnev 
of India, 

The fine collection of fossils, which Messrs. Gnesbach and Oldham have ob- 
tained from the cretaceous rocks of Baluchistin, coniams, amongst others, num- 
erous well-preserved Echinoids^ several of which I recognised to belong to the 
genus HemtpneusUs Agass. The occurrence of this genus seemed to indicate the 
existence of the ^tage Damen in Baluchistin — a fact which, if proved with Certainty 
would be of considerable interest. The closer examination of the Ecktnoids has 
elicited some more interesting facts, which 1 publish now, because a consulerable 
time must lapse before the examination of the whole fauna can be completed. 

It IS unfortunate that no figures of the new species can be given here, and, for 
the lime being, the conclusions I base on the species mentioned below must be 
accepted in good faith, but I hope that the publication of the whole of the creta- 
ceous fauna of Ba’uchistin will not be delayed much longer On the other hand, 
I think that the results of the examination of the Echinoids will be of some assist- 
ance to the field geologists who are working now in Baluchistin, and it may he 
hoped that these no»es will help to elucidate further facts concerning the develop- 
ment of the Upper Cretaceous system m Baluchistin. 

From a paper in the Records ^ it appears that Mr. Oldham divides the strata 
below the Ghizij beds (Eocene) into three groups, which in descending order are 
as follows : — ^ 

3 Dunghan group. 

2. Belemnite bed^. 

I. passive Itraestone. 

An unconformable break is said to exist just above the Belemnite beds. It 
might then be expected that a considerable difference m the fauna of the Belemniie 

‘ Geology of Thai Chotiali, Records, Geological Survey of India, Vol. XXV., P. i8. 
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beds and the Dunghan group would be met with, a view which had been fully 
borne out by the facts. However, Mr. Oldham, unfortunately, was led into a 
mistake, further elaborated in the 2nd Edition of the “ Manual,” p. 291, to assume 
that the Dunghan group contained an anomalous fauna, and that NummuliUs were 
associated with cretaceous forms. 

Mr. Oldham continues : Under these circumstances it must remain an open 
queslioi> whether we are to regard the Dunghan group as oldest tertiary or newest 
secondary in age ... If the top of the Dunghan group represents the lower limit 
of the tertiaries, we have to acknowledge an extreme abundance of the genus Num- 
muUna in beds of cretaceous age ; if the bottom, then the Ammonoidm are re- 
presented in beds of tertiary age by several genera and species. A third interpre- 
tation is open, and probably it will prove the true one, that the Dunghan group 
represents the gap between ihe Secondary and Tertiary period in Europe." 

Supposing Mr. Oldham's observations were correct, they would contain nothing 
new, because true NummuUies have been discovered in the Eastern Pyrenees in 
strata which have been considered by Mr. Seunes^ as belonging to the etage Danien, 
'I'hese strata are said to pass gradually into limestones which contain large Num~ 
mulites (A. perforata). 

It is to be regretted that Mr, Oldham advanced such far-reaching theories on 
palaeontological evidence which cannot be considered as conclusive, I have ex- 
amined the “ i^um^fiuUna " of the Dunghan group in Mr. Oldham s collection, and 
have found that Mr. Oldham had mistaken a s})ecies of the genus Orhiiohtes for 
Nummulina^ and as the form is a typical cietaceous genus, the anomaly disappears.® 

Mr. Griesbach has lately been over the sections described by Mr. Oldham in 
the paper quoted, and has found that there are three distinct series of rocks 
represented in that part of Baluchistdn ; the lowest (Mr. Oldham’s “massive lime- 
stone'’) contains a number of fossils, which I am now engaged in working out. I 
found that they chielly belong to the genera Afacrocephahtes, Zitt., and Perisphinc- 
tes, Waag., and that several forms from Kach, such as M. transuns, Waag., and M. 
polyphemusy Waag., are represented amongst them. The “ massive limestone" is 
therefore of Jurassic age, and represents probauly the Kellov group. 

Above the massive limestone follows a series of beds, whi^h arc distinguished 
by an abundance of specimens of Behmnites, Locally the Belemmte beds may 
be divided into various horizons, but it seems doubtful whether such horizons 
could be traced over more than a very limited area. The examination of these forms 
has proved, that the Bclemnitc-beds must be considered to be of Neocomian age. 

Above the BelemniU beds follow the calcareous beds (locally often sandstones) 
which contain a rich fauna, amongst which the genera Sphtnodiscusy Zitt., and 
OrhitaitteSy must be specially mentioned. These beds arc also characterised 
by the widely distributed Cardita heaumonii^T)' hich., vl. ct. :n Sind also occurs in 
the uppermost Cretaceous. 

* Seun€9, Observations sur le Crdtac^ sup^rieui dcs Pyr^ne^s occidentales, BuJl. de la 
Soc. G^ol. de France, 3rd ser., vol. xvii, p. 803. 

® I need not dwell here on the controversy that has been going on for a long time 
regarding the age of Leyraerie^s dtage Garumnien. It is suffictont to say that Mr. Leymerie 
tried to explain the presence of cretaceous Echinoids in the calcaires ^ Micr aster tereensis by 
the theory of colonies-a view which might also be applied to the Dunghan group supposing 
the anomalous fauna existc^l. 
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Above the dark-brown Sphenodiscut beds follows the white limestone of the 
Eocene formation with true NummuUits. 

From the foregoing remarks it seems clear that the Sphenodtseus beds re- 
present that part of Mr. Oldham’s Dunghan group which contains the cretaceous 
fauna together with the so-called “ Nummuhnai' 

The Echinoids which have been described in the following pages have been 
collected by Messrs. Griesbach and Oldham m the Sphenodneus beds ; none come 
from the massive limestone or the Belemniie beds, nor from the nummuluic 
limestone above We are therefore in a position to ascertain with great accuracy 
the age of the Sphenodtscus beds. 

The Echinoid fauna here described consists of 1 1 genera with 1 6 species, of 
which 8 genera are represented by one, three genera b> two, and one genus by 
three species, vi %. : — 


f. Cuiarts su/itmam, spec. nov. 

2. OtthePsts pettata, spec. nov. 

3. Cyphosoma sp, 

4 « Protechtnus pauciiuherculatus^ gen. et spec nov 

5. Eehtnoconus gtga^t Cottean. 

6. Holectypus baluchtstanensis^ spec nov 

7 Pyrtna ataxensts, Cotteau. 

8 *» gtganUa,^ spec. nov. 

9 Bchtnanfhus grtesbaeht ' spec nov. 

la Clypeolampas spec nov. 

i:. „ •ffisknUf spec nov. 

12 fiemtpneustes pyteHauu^^ Hubert. 

13. „ leymettet^^ Hubert 

14 „ compr^ssus, spec nov. 

15. Hemiastif blanfordie^ spec. nov. 

10 „ oldhamt, spec nov. 

Oat of the 16 species, 15 have been determined specifically, and onlv i 
generically ; out of the 15 specifically determined species, ii hive been found to be 
new, but 4 could be identified with well-known species from Europe, these are — 

Echinocontis gtgasy Cotteau. 

Pyrina a/axensis^ Coitcau 

HcmtpneusUs pyrenaicus, Hubert. 

„ leymerm^ Hubert, 

I wish to say at once that among the 1 1 new species several show so close a 
relationship to other European species that it is quite probable that on actual 
comparison with the tvpe specimens they may be found identical, and that the 
number of European species appearing in the cretaceous system of Baluchistdn may 
in fact be much larger than stated atxive. However, the four species nam^d have 
been recognised with great certainly, and we may therefore say that the Echinoid 
fauna of Baluchistdn exhibits a most marked European character. 

M he horizon of this species is not quite certain; Mr Oldham, who has collected it, 
simply states from “ Dnnghan group ” , from the state of preservation I think that it has been 
collected m argillaceous strata just above the Behmniie beds. 
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This feature appears still more remarkable if we lake into consideration that 
these four species occur principally in the dtage Danim of the Pyrenees. We arc 
therefore fully justified in assuming, from the evidence of the Echinoids, that the 
cretaceous fauna of Baluchisldn is of European type, and showing the closest 
relationship with the cretaceous fauna of the (Stage Danten of the Pyrenees, 1 admit 
that this is a somewhat startling result, and I must say that for ^ome time I felt 
serious doubts as to its correctness, considering the great geographical separation ; 
but after I noted down this fact, 1 came across Mr. Coiteau’s note, “Sur un 
cxemplaire du Coraster Vilanovce provenant dc Tersakhan (Turkeslan),''^ Mr. 
Cotieau, whose high authority on Echinoids will hardly be doubted by anybody 
describes in this a small echinoid, which had been presented to his brother by 
General Komaroff of the Russian Army. I quote here Mr. Cotteau's own words 

“ Cette espfece avail dtc dans Torigine consider^e par M. Vilanova ct par moi qui 
n’avais fait que suivre ses indications, comme doebne. De nouvclles observations 
ont demontrd que la couchc qui renferme le Coraster Vilanovee doit se placer dans 
la Craie, k un niveau supdrieur. La ddcouvcrle do cette espbee faite rdeemment par 
M. Seuncs dans la Craic supdrieure des Pyrdndes, ne laisse plus aucun doute sur 
Thorizon stratigraphique du Coraster Vilanovis, 

*‘La prdsence de ce petit 6chinide, k une aussi grande distance des Pyrdndes et 
de la province Alicante, est extrSmement intdressanle el suffit pour dtablir que les 
ddp6ts de Tersakhan, dans lesquels il a did recueilli, font partic de la Craie 
suj^rieure, el que, suivant toute probabilitd, les mers crdtacds, qui rccouvraient 
cetlc partie dc la pdninsule espagnol et des Pyrdndes, se prolongcaient jusque dans 
Ic Turkestan.*' 

There is other evidence of the probability th’^l the cretaceous beds of Turkestdn 
belong to the same area of deposition as those of Baluchistiin, and if an Echinoid 
has been discovered in the former which is identical \\ilh a form which has hitherto 
only been found in the Upper Cretaceous system of the Pyrenees and Spain, it 
is by no means surprising that in Baluchistan several species have been found 
which are also identical with forms occurring in the rutaceous beds of the 


Pyrenees. 

Mr. Cotteau's view that the sea in which the cretacous ueds of the Pyrenees 
were deposited, extended to the Turkestin area, appears to be tally corroborated by 
the examination of the Echinoids from Baluchistan. In fact we might assume that 
the cretaceous sea in which this remarkable fauna lived had extended far to the 

south and certainly reached to Baluchisliin. 

If we turn our eyes further south-east and compare the Echinoids from the 
Arialoor group of Southern India with those from Baluchistdn, we observe a most 
striking difference in the fades of the fauna and find that not a single species is 
common to both localities; in fact the whole composition oi the Echmoid-fauna of 
Southern India differs greatly from that of Baluchistin. as will be seen from the 
following table. The following genera have b n found in 

Baluchistdn. South-India. 


Ciiiaris « • • • 

Orthopsis • • • • 

Cyphosoma , • . • 

» Bulletin de la Soci^HJ Gcologiquc 


X 

X 


X 

X 


de France, 3rd ser., Vol. XV II, p. I5S- 
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Bdlttchialin. 


Pseudodiadtma 




odiBcaiaian. 

• • • 

Miereptdina 






• 

Prntechinus 





X 


Salenia • 







Hclfctypus . 





X 

• 

Eckin^CoHus 





X 

• 

NutUoliUs • 





9 

• 

Pyfina 





X 


Cassidulus . 






9 

ShgmatopygHS 





• 


Botriopygus 





• 

* 

Caippygus . 





• 

• 

Echinanikua 





X 


Ciypeoiampas 





X 


ffemtpneustes 





X 


Holastar 





♦ 

« 

Cardtasfer . 







Eptasler 





• 


fiemiaster . 





X 



South India. 
X 
X 


X 

X 

X 


X 


X 

X 

X 

X 


X 

p 

X 


? 

X 


We see, therefore, that out of a total of 22 genera which occur in the Analoor 
group of Southern India and in the etage Damen of Baluchistiin, only five genera 
are common to both areas, namely, — 


I, CidariSy 
2 Or (hop sis, 

3 . HoUciyPus, 

4. Echtnoconus, 

5. H9m%aster, 


and probably also a sijrth, the genus Hemipneusles ; but the presence of the latter in 
Southern India is somewhat doubtful, because 1 base it on the supposition only 
that the ill-preserved Cardiasier orunfalts, StoK, does not belong to that genus, but 
to Hemipneusies, as Us poriferous zones indicate. Of the above-named five 
genera, four, CidarUy Hemtasiery Holeciypus, and Echtnoconus are \Mdel> disinbuted 
genera, from which no conclusion can be drawn, and only Orihopsis may be said to 
be limited in its vertical distribution, and this genus, together with the probable 
HemipneusUSy would form the only connective links between Echinoid fauna of the 
upper cretaceous beds of Southern India and Baluchistan. 

It may, however, be remarked that it would have first to be proved that the 
Arialoor group could be correlated with the Sphenodiscus beds in Baluchistan, 
before a comparison of their respective Echinoid fauna could be undertaken ; in fact 
It might be assumed that such comparison is inadmissible if, as it is supposed, the 
Arialoor group represents the etige Senonten in Southern India, whilst the Spheno* 
discus beds can be correlated with the etdge Danun. 

Mr. L^vill^,^ however, has recogt|i8ed the presence of the etige Danten itt South- 
ern India, which he calls Ninyur group, and of which wc must suppose tha$ it was 
included in the Arialoor group, and therefore a comparison of the Dunten in 
Baluchistdn with the Arialoor group of Southern India may by no meUns be 
incompatible with the actual facts. 

It must therefore be admitted that a large faunistic difference exists in the 


* Bulletin, de la Socidtd Gdol. dc France, 3 rd ser., VoK XVIII, 146 . 
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Echinoid faunas of the upper cretaceous systems of Baluchistan and Southern 
India — a difference which not only concerns the species but also the genera. This 
fact is the more striking if we consider the faunistic similarity between the upper 
cretaceous systems of Baluchistan and the Pyrenees. 

The only inference which we are able to draw from this fact is that a great 
faunistic province extended from South-Western Europe towards Central Asia and 
Baluchistin — the cretaceous Mediterranean Sea, — and that this same province was 
separated by a land barrier from the sea, in which wcie deposited the cretaceous 
beds of Southern India ; a view which has already been expressed by other writers, 
amongst them the late Dr. Neumayr. 


On Highly Phosplmtic Mica-Periclotites intrusive tn the Lower Gond- 
wana Rocks of Bengal, by THOMAS H. Holland, A.R.C.S,, F.G.S., 
Deputy Supei intend ent^ Geological Survey 0 / 1 ndia^ 
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I.—rNTRODUCTION. 

I. Besides the fact that hitherto only one or two types of ultra-basic rocks have 
been described in India, a special interest attaches to the varieties of the rock 
described in this paper for the following reasons 

/j/^ It is irrupted as dykes and sheets coking the coal and baking the 

sandstones and shales of Damuda age in Bengal, thus occupying a 
position similar to that of its near relative, the diamond- bearing peri- 
dotite of South Africa, which breaks through the carbonaceous rocks of 
the Ecca beds and Kimberley shales —strata contemporaneous in 
geological age and agreeing i>art!y in lithological characters with the 
coabbearing Damuda series of India. That diamonds have originated 
by the action of peridotites on carbonaceous rocks seems to be a most 
natural conclusion from their frequent occurrence either in the igneous 
rock itself (South Africa), or in localities where peridotites are intruded 
into carbonaceous rocks (New South Wales, Western America). This 
similarity of conditions, therefore, in the Indian coal-fields is most 
suggestive.t 

2nd , — ^The presence of biotite and anthophyllite amongst the leading constitu- 
ents of this rock considerably limits the number of its relatives amongst 
the described peridotites of the world, whilst the quantity of apatite, 
amounting sometimes to over ii per cent., makes it unique amongst 
igneous rocks. Whilst apatite is about the most widely disln bated of 
all rock-forming minerals, 1 know of no case in which its proportion 
amongst the rock-constituents would entitle it to he rcgarclcd other 
than as an accessory, whilst in the peridotites it is comparatively scarce. 

2. Mr. F. G. Brook-Fox called my •attention to these rocks in 1892, and kindly 
brought specimens from Giridih and Assensole. Since that date I have followed 
up the subject during short holiday excursions to the coal-fields, principally in com- 
pany with Dr. Saise, Manager of the East Indian Railway Company's collieries at 
Giridih, to whom I am indebted for some very interesting specimens and for generous 
assistance in many ways. I am indebted also to Professor Judd of the Royal College 
of Science, London, for having kindly examined the slides of the mica-pcridoliics 
from the Darjfling area and for correcting my determinations. 

‘ C/. H. Canrill Lewis, ** On a diamantiferous peridotite and the genesis of the diamond,*’ 
CecL dec. Ill, vol. IV (1887), p. aa ; R^p, Brit. Ass., 1887, p. 720. A. H. Green, “ A 

contribution to the geology and physical geography of Cape Colony,” Quart, Journ^ Ceol, Sot. 
vol, XLIV (1888), p. 239. The diamond-bearing peridotite of South Africa iJ^ like the 
Bengal rock, associated with a series oflntruslve sheets and dykes of dolerite, whlch'appear to 
be the underground representatives of the great sub-aerial lava-fiows forming tl^e highest 
sub-division of the Stormberg beds (Green, lot, 255), and thus occupying a po^lition cor- 
responding to the RajmahaJ traps of Bengal. . 

Ihe analogy of the occurrence of diamonds in meteorites and In peridotites, thtSr nearest 
terrestrial allies, has frequently been remarked {foidt Daubrde, Comptts Rtndus^ vol. CX 
p. 18). 



PART 4.] HOLLAND; Plio-pliatic Mic:a-Periclotites. 




II.— PRliVIOUS DESCRIPTIONS OF THE “ MiCA TRAPS.’' 

3. Dr. W. T. Blanford seems to have been the fir.t to record the occurrence of 
black mica in the dykes of igneous rock intersecting the Lower Gondwana beds of 
the Raniganj area, and although in i860 he could have had no means for distin- 
guishing the petrological characteis of the two princi|>al types of dyke-rocks intru- 
sive in the coal-field, he distinguished two groii])S by their distribution amongst the 
stratified rocks, describing what he thought to be the older as almost invariably de- 
composed and soft, forming a red or yellow stone, frequently vesicular and with a 
habit of forming sheets in the coal and sandstones. From observations which have 
been greatly facilitated by mining opciaiions since carried out in this and in the 
adjoining coal-fields, I find that the dykes which are soft, bufT-colourcd and vesicular 
at the surface can be traced in the mine-shafts to compact mica-apatitc-peridolites, 
whilst the basaltic dykes, which can now be proved to be younger 
paragraph 1 4). display characteristic jointing and spheroidal weathering at the surface, 
with inicioscopic chnriclers that arc unmistakeable.^ 

4. In 1866 Ml. Hughes distinguished the mica-traps, which decomposed to 
yellow earth and occurred in narrow dvkes in the jherria coal-field, from live 
basaltic dvk^'S 01 iik same a. 

5. In 78^7 Dr. V. B J 1 described a tr.vp-dvke, crossing the Dimodar (D.imnda) 
north-east of Burobing in the Rdnigaih coal-field, as decomposed and earthy similar 
to many seen in the Rdniganj field.** 

6. In 186S Mr Hughc'^ recognised micaceous traps amongst the cl}kcs of the 
CBrfdih (Karhirbdn'j coil-field.'^ 

7. In the Jainli coal-field (Deoghur) Mr. Hughes distinguished in 1S68 — 70 
between the micaceous and the augitic types of dyke-rocks, lemarking that the 
former arc always in thin dykes, are more decomposed, and affect the sediment- 
ary rocks to a grciter extent than the latter — an observation v\hich is confirmed by a 
iiiicroscojjic studj’ of the contact effects.'* 

8. Tlie first microscopic examination of the so-called “mu -traps” was made 
in 1880 by Mr. F. Rutlcy of the Royal College of Science, London, who described 
specimens collected in the Gindfh (Karharbdif; cojl-field by Dr. Saise. Accord- 
ing to the extract from INlr. Rutlcy’s note published In Dr. Saise s paper on the coal- 
field, the rocks were “ micaceous traps very decomposed indeed, the felspar being 
replaced by carbonate of calcium, ’ In one specimen he suspected the occurrence 
of olivine.® 

9. In 1888 my collcagiK, Mr. P. N. Bose, described some mica-traps from Bara- 

0 ) “On the geological structure and relations of the Ranigaii] coal-field, Bengal.’*^ Mtm. 
Geol.SurV t /nrf., vol. III. pp. 141— M 9 * great Sal « ti a dyke, for instai cc, to which Dr. 

Blanford referred as possibly a member of the you group (p. 143)1 ‘s augite-plagio- 
clase rock. 

> Mem., Cfol. Surv., Ind., vol. V, p. 322. 

« Ibid., Vo:. VI. p. 129. ..... L 

• Ibid., Vol. Vll, p. 239. Recently these and the other dykes 01 this area have been exaiaiB* 

ed in detail' by Dr. Saise and myself and will form the subject of a separate note. 

• Mem., Ceol. Surv , Ind Vol. VII, p. 252. 

• Trans. North Eng, Min. and Meek. Eng„ Vol. XXX (l88o), p. 13. 

C 



122 Records of tht Ceohgicai Survey of India. [voi,. xxvn, 

kar and Rdni^anj under the names kerranion and krrsantiu} From an examina- 
tion of Mr. Bose's slides and specimens together witii a Urge collection of fresher 

rocks from this and other coal-fields in Bengal, I should not heshate to class tlicse 

rocks with a far more basic type, 

III.— Mode of Occurrence. 

10. Compared viih the basaltic d}kes at the same area, the mica-peridotite in- 
trusions are \ery narrow, never, so far as seen in the Gjridih coal-field, exceeding 
about 3 feet in width ; and this seems to be true also of similar intrusions in the 
associated fields.® P'rom d^kes ol this width jt can be traced down to minute veins 
rainif)ingin the most intricate manner, and even as thin films spreading between 
the separate columns in the zones of burnt coal which bonier the d)kes (fi*93o),3 

11. 1 his rock frequenny occurs also as sheets intruding along the beds of coal- 
bearing rocks— a hahit noticed by Dr. Planford to be so constant that he found it 
necessary to rea‘;sure himself that the igneous rocks were not interstratified lava- 
flows contemporaneous with the coal.'* It has thus become to the coal-mine 
fwners a more formidable pest than the Urger masacs of basalt which occur in 
vertical cl\ kes. 

12. A further mode of occurrence is exhibited in one of the mines of the F.asi 
Indian Railway Company's collieries in the Giridih field (Jogitmd shaft, No. 7). 
One of the galleries has been driven through a mass of penclodte 50 feet 
thick, and numberless veins from this are found ramifving in all dirccii ins and 
anastomosing amongst the coal-scams around. The other galleries of the mine 
have, however, only passed through narrow' dykes of trip, and they show lb it the 
lateral limits of the large mass are, at an) rale, within the area ot the galleries. 
There is, therefore, a boss-hke expansion in this localitv. 

13. Representatives of the same rock, with slight local variations in stnidure 
and mineral composition, occui in thp coal-fields of Rdniganj and I3ar,ikar, of Jher- 
ria, of Deoghur, and probably of Rimgarh Jt occurs also in the Daijvliug coal- 
field also in sheets, with the usua^ contact-effects of intrusion, 

olojjcal age. 

14. According to Dr. Blanfor 1, there is a much larger amount of trap permeat- 
ing the Lower Damudas than the younger beds, and the shens of igneous rock 
intruded into the former strata appeir to be alone amongst the trap-rocks of the 
field which have been thrown by faults. The age of these rocks is, therefore, given 
as probably Damuda and possibly Lower Damuda ^ Specimens which 1 identify 
with the mica-peridotite here described were collected by Mr, Bose and stated by 

him to be intrusive in the Raniganj scries.’ 'Jdie uppermost members of the 

> 

* Gtol. 5 urv, Ind.^ Vol. XXl (18^8), p. 163. See aho de<icription of th^ m«ca-traps 
occurring in the Damuda rocks of Darjeeling d»5lrict. loid , Vol. XXIll (1890), p, 241. 

* For example, jherrU (Hughes), ]ainti (Hughey), and Raniganj (BlAnford). I, 

■ The numbers in parenthesis refer to the specimens in the Geological Museu^, Calcutta, 
which illustrate the features described or figured in this paper. ^ 

* Loc. iif., pp, 146 and 147. 

* r^c, eit.t pp. 148 and 149. 

* R/c., CcQh Surv,, Ind., Vol. XXI (18S8), p. 164 (Specimen No. 8 283). 
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DamudaS) therefore, must be fixed as older than this intrusion. In a paper by 
Dr. Saise and myself which is in course of preparation, it will be shown that the 
tnica'peridotite is, as Dr. Blanford suggested from more indirect evidence, older 
than the associated basaltic rocks, and if we take these (as all later workers have 
agreed with Dr. Blanford) as contemporaneous with the Rajmahal Java flows, 
the age of the mica-peridotite can be fixed between the narrow limits of Damuda on 
the one side, and Rajmahal on the other, that is to say, not far from the Trias of 
Europe and the Panchet of India. 

Contact effects. 

15. Wherever the peridotite has invaded the coal-measures the coal has lost its 
lustre, is heavier, hardened, coked and often made beautifully columnar in zones 
of variable width along both sides of the dykes. 

In an equally striking manner sandstones have been baked and even partially 
fused, with the production, in the more felspathic kinds, at structures which some- 
times recall the corroded quartz-crystals and crypto-crystalline fluidal matrix of a 
rhyolite. These contact-effects will be described in detail in the joint paper already 
referred to.' 


IV,- Petkological characters. 


Macroscopic characters, 

16. The most coarsely-grained varieties have been obtained in the Darjfling 
district. In specimens of these the glistening scales of brown mica measuring about 
2 mm. across lorm the most prominent fealu.o (8'723> 9 ’ 707 )‘ The freshest 
specimens have been obtained from Oiridih, and appear as tough and almost black 
rocks with spangles of biotite, glassy-looking phenocrysts of olivine, and large 
numbers of acicular crystals of apatite (9*876). Specimens from the narrower 
dykes and veins are generally dark green in colour, finer in grain, and are always 
more decomposed, masses of serpentine representing the original phenocrysts of 
oli\ine (9*104). In small veins and on the selvages of larger . ^rusions the rock is 
compact, of a greenish tinge, weathering to a buff-coloured eaidi ( 9 ’i 044 » 9 ’*® 45 )' 
Sometimes the selvages present a variolitic appearance, but the structures which 
represent the original varioles are now made up of secondary minerals. A similar 
variolitic appearance has been recorded by Differ at points where in the peridotite 
of Elliott County, Kentucky, the rock comes in contact with the strata and includes 

fragments of shale.® (See also para. 35 -) - . . 

17 Where in breaking through the coal the rock has met a nest of iron-pyntes 
there has been produced a slaggy mass with very distinct fluidal structure and 


1 The late T B Jukes, referring in the memoir on the South Staffordshire'coal-ficld to the 

distances to which the narrow veins of igneous rocks run in the coal-measu.es of that area, 

concludes that »at the time of the injection it had a . nperature not mere y just ^u^mnt 
melt it. but a much higher one. sufficient to allow of the loss of a considerable quanUiy of heat, 
and vet for the matter to remain still molten in its passage to very considerable distances from 
the volcinic focus » (2ad edition. (1859), P- *23). I have referred above (para. 10 to the fine 
ramifications and the long, yet narrow, dykes of mica- peridotite in the Bengal 
the conclusion that such a condition is indicative of high tempyature is con ^ 

intensity of the widely-ext^aded results of contact metamorphism noticed by Dr. BUoford. 

* Bull,, U, S, Ceol, Sufw-i No. 38 (1887), p, 23. 
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black colour, like the artificial slags darkened by sulphides described by Percy 
(9 ^ 77 )-^ 

18 In some cases, where the biotite occurs in excessive proportions, the result 
of pressure at the margins of the dykes has gi\en rise to a rock as fibsile as mica- 
schisl (9 1047), 

19 At the surface the d)kes weather to a soft buff-coloured earth in which the 
partially bleached and h)drated mica frequenth appears, as noticed by Dr Blan- 
ford, wrapped around small spheroidal masses, which are often hollow in the 
centres and remind one again of \ari( les (9 874) In these weathered specimens 
bands of ca\Uies stronglv resembling those of a sconaccous lava frequently occur ; 
they are presumably onl) hollows from which serpentine and other minerals have 
been removed m solution (9 872). 

Spccifu giavity, 

20. As all specimens have suffered to some extent from hvdntion the specific 
gravity of the rock has been lowerel to \ar)ing de^re.s Tiie following table 
shows the average specific graMtv of the pnncipd tvpi s — 


R »ek Sp ( r 

9870 The freshest specinien \Mth porphvnt c olivine, from the 
centre of the large mass in N > 7 Jogitand shift, Giridih 
Depth, 286 ft • ... 2 09 

8723 Coarse grained \arie»y from the tastern brinch of tht Cheran^ 

Kholi, Dai iling district 200 

9 105 Fine graintd ruck wrh olivints eompl»*tLly di c imp st*d Dvkf 

in No 7 Jogiiaiul sh itt Giridih . .280 

9104 More dt composed and firu r in gr'ii 1 S une I iriliiy , 271 

9199 Buft-colourtd *md s jtt detomposi d vant fy f-om tlu d\keatthe 

surface . • . * . ..... 034 


Fusibility, 

21. Specimens, like 9 105, in which the Oiiwnes have been hulritcd into 
serpentine, fuse easil} before the blov\pipeto a black, non-magnclic, and slightlv 
vesicular glass ("degree 3 of von Kobell s scale;. "Fhe Ircslier varieties containing 
clear olivine are more refractory— a difference evidcntlv due to the contained water 
whose influence on the fusibility of substances is well-known from the results of ilic 
late Prof. Guthrie,* whilst Prof. Judd, with these leseaiches in mind, has pointed 
out that rock-masses healed to within a small range of their fusion points when 
dry may become molten on the introduction of water ^ 

22. Fragments of a partly decomposed variet} fused for five minutes in a cruci- 

ble gave on cooling a streaky bronze-coloured glass, which was easily decompos- 
able b> hydrochloric acid, and had a specific gravit) of 2 895, being thus heavier 
than the original rock (2 80). ' 

23. The gla<5S kept at a cherry-red heat for 12 hours, lost its vitreous Justre and 
darkened in colour, resembling tachylyte The fracture at the same time became 
“ uneven,'* and the specific gravity rose to 2*99, whilst the product wo^ far less 
easily decomposed by acid than the original glass, 

* Metallurgy (Fuel), 1875, P 5 ^ 

^ Phil Mag vol XVIII (1884), p. 117. 

Ctttl Mag ^ dec 111, vol V (108), p 10 
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24. Under the microscope the glassy form has a yellowish brown colour with 
fentheiy skeleton crystals generally developed around nuclei of magnetite. The 
paitly clevitrified form, however, is so crowded with such fcatliery skeleton-crystals 
th.it they interfere w'ith one another during growth. These microliles are colourless 
in their centr s, possess a high index of refraction, high double refraction, and in 
shape resemble those of oluined (Plate 1, fig. 5.) 


Chf’micol c oviposit ion. 

25. All but the freshest specimens eflervesre with mineral acids, and the 
microscope confirms the presence of rhombohedral carbonates (paragraph 36), It 
seems natural to expect that slow oxidation of the coal by ox}gcn dissolved in the 
circulating under-ground waters would result in the production of considerable 
quantities of carbonic acid and corsoquint formation of carbonates fr( m the decom- 
posing silicates of iron, lime and magnesia. A sitin\ir ph.iso of alteration seems la 
huve been noticed in most cases of igneous rocks which have intruded into coal 
measures.® 

Of specimen No. 9 876 as much ns 58*23 per cent, was soluble in hydrochloric 
acid. 

26. A remnikable featuic of the rock is the large (juantity of J hosphoric acid^ 
which the n.I '•'■'srope s-hows to be in the form of apatite (Plate I, figs. 1,2 and 3), 
Specimen No. 9*876 yielded 5*234 percent. P2O5 (eci[uivalent to 11*4^6 per cent. 

^2 ^^8 )» whilbt the an.iltsis of a more hjdraled form (9-105) fiom the same 
shaft, gave phosphoric acid equi\alcnt to 10*66 per cent, of lime phosphate. The 
decomposition of l^^ge quantities of this rock at the surface must contribute sensibly 
to the fertility of the neighbouring sod ; but though the quantity of lime phosphate 
would be considered large enough to wan ant remark from the petrologist, it would 
not be siifTicient to justify raning for economic purposes. Kven the richest form 
would be poor compared with the basic Bessemer slags, and the use cf these has 
been attended w'ilh indifferent success ^ 

27. T’hc proportion of si/ica rises not on’y by the rcr v. d in solution of the 
soluble bases, but in this case, wl ere the rock invades masses f sandstones, frag- 
ments of qiiaitz are caught up and infiltrations of silica would ncaturally be expected. 
The follow mg results have been obtiincd : — 


Naliirc of the rotk. 

9876. 01 vines partly clecompost'd 

9'lo5. Olivines completely hydrated • 

8*284. 'Rock much decomposed, with secondary quartz 

8*283. Ditto ditto 

8’ 282, Vesicular rock containing much seci'ndaiy silica 


Sp.Or. j 

Silica j^cr cent. 

1 

2 U9 1 

40-25 

2*8o 

41 33 

277 

48-48* 

2 T j 

51-68* 

... 

S78S* 


’ Cf. Rosenbusch, Micro. Phys. (Iddings) 1888, p. 213. , „ , , 

* Cf Dclessc Ann. dfs Minrs , 5th s^-r. vol Xll (i 8 S 7 )i P ^44 ]• ^wkes, op, 

cit. p. lis. I.L. Bell, Pfoc. Roy Soc , vol. XXIII (1875), p. 547 - J S. DiPer, Bull. U. S. Goal 
Sutv., No. 38 (i887),p. 19. E. Stecher. nchermnk's Min. Mitt , /ol. !X (1888), pp. 190. IpS- 

also Proc. Roy. Soc. Ed., vol. XV (1^88), p. 172. 

> Wedding, Basic Bessemer Process, En». Ed. (i8qi), p. 172. 

^ AraUsedbs Mi.T Blyth, Bose FiC,(Url , /i vol XXI., pp 164 tnd 1^5. 
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Microscopic characters. 

28. The numerous specimens which have been collected from different parts 
of the coal-fields exhibit a wide variation in structure and, within small limits, a 
variation in mineral composition. There is no difficulty in recognising the fact that 
the selvages of the d}ke8 arc finer in grain than the portions neaier the centres, 
and that the middle portions of the larger masses are more perfectly ciystalJine 
than the smaller veins which branch from them. But, as the face of a d) ke is 
generally a plane of water circulation, the selvages and — for the same reasons— the 
smaller veins have been in all cases much decomposed, with the destruction of the 
glass which was very probably amongst the original constituents (See para. 35.) 
With the exact knowledge, however, obtainable from the undecomposed types there 
is little chance of error in identifying the shapes of minerals whose places have, since 
consolidation, been filled with such secondary products as quartz and rhombohedral 
carbonates. 

Minerals . — The minerals which enter into the composition of these rocks are as 
follows . — 

Primary (approximately in order of crystallization) — 

Apatite. 

Olivine 

Spinelloid iron-ores (Magnetite^ Chromite) and Ilmenite. 

Biotite. 

Anthophyllite 

Avij^ue 

Doubtful matrix m small quantities. 

Sreondaff^ 

Serpentine. 

Magnetite. 

Perofskite. 

Rhombohedral carbonates, chiefly dolomite 

Hydrated oxides of iron and clay. 

Pyrites. 


Primary minerals^ 

29. Apatite (Plate I, figs, i, 2, and 3) occurs in slender prisms sometimes 
3 mm. long and seldom measuring more ihano 15 mm. across. Basal sections are 
hexagonal in shape with sharp angles, exhibiting undoubted isotropism. The centres 
are often darkened b) numerous cavities disposed parallel to the vertical axis and 
sometimes arranged in zones (9* 105). Occasionally, however, the apatites are free 
of such inclusions (9 876, 8'723). Longitudinal sections are jointed transversely, 
and show low double refraction polarising in characteristic greys, with unmxstakeable 
straight extinction. The quartz-wedge plainly shows the negative character of the 
double refraction, ^ ' 

Treated with hydrochloric acid the crystals are dissolved, leaving empty spaces 
on the slide \ the solution readily gives a yellow precipitate with ammonia molyb- 
date. 

Apatite occurs only in comparatively small quantities in the Darjfliig sped- 
mens (8 723) and is most conspicuously developed in those from Giridih (9'io4, 
9*105, 9*876). amounting to over.,ii per cent, of the rock. It withstands decom- 
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position longer than any of the constituents of the rock except biotile, and is found 
in scattered needles in specimens in which the olivines have been completely 
replaced by carbonates (9*877^. 

Apatite as usual is included by all other constituents, but most rarely by the 
olivines. The excessive quantity of this mineral in view of previous descriptions 
of igneous rocks, and especially of peridotites, certainly seems surprising ; but 
chemical analysis so completely confirms the microscopic characters that there is 
no question of its identity,* I have considered it necessary to give these details 
because this mineral has, apparently, been taken for plagioclase. Mr. Bose, whilst 
omitting to mention the presence of apatite in specimen No. 8*283, has referred to 
“ lath-shaped, badly-developed crystals of plagioclase occuiring as individuals and 
exhibiting no twinning.”^* On examination of the original slide I should not hesi- 
tate to identify these crystals with apatite, whilst there is no evidence now of the 
presence of plagioclase (slide No. 563). 

30, Olivine (Plate I, figs. 1 — 4) occurs as large clear phenocrysts measuring 
sometimes as much as ro mm, across (9’876j, and as smaller crystals, which 
arc almost always serpentinised. The crystals arc well-shaped, and sometimes 
have sharp edges preserved. Serpentinous hydration has developed along the 
characteristically irregular cracks \vith separation of magnetite dust. A common 
occurrence is ^ more or less circular crack cutting oil an exterior zone, which is 
cracked radially and into small fragments, from a central mass which is cracked 
more irregularly (fig. 4). The high refractive index and strong positive double 
refraction are those of olivine. Cleavage is sometimes developed parallel to the 
brichy-pinacoid as 'hown by the position of the interference figure in macro- 
pinacoidal sections. Pieces taken from the cl-ar porphyritic crystals sank in a 
liquid of specific gravity 3-30. In a few types olivine stdl remains fresh (8*723. 
9707, 9*876), but most specimens show cither complete conveision into serpentine 
(9*ro5) or final replacement by rhombohedial carbonates (8*283), sometimes with 
secondary quartz (9*877). 

31. Iron-Ons {Magnetite, Chromite) and Ilmemte (figs, i- These arc very 
variable in development. In the Darjiling specimens they are ' her absent or rare 
as primary constituents (S’723 ^rid 9*707^. In some Girfdfh spt iinens they occur 
in numerous well-shaped crystals included in the biodte, but not in the olivine or 
apatite. Some of these granules transmit light of a brown-yellow colour, possess 
a high refractive index, and arc isotropic. As this rock gives decided reactions 
for chromium, it is more than likely that these grains are chromite, which is so 
characteristic of ultra-basic rocks. 

' Mr. Harker in describing recently the gabbros of Carrock Fell has made the Interesting 
observation that wliilst apatite 's scarcely to be found in roost spr* ' mens of the more acid 
varieties of the gabbros it becomes locally abundant in the highly basic marginal rocks. 
{Quart. Journ. Geol. Sue., vol. L (1894), p. 324, and plate XVII, fig. 4). 

A concretionary substance infilling joints and c jks in a compact pendotite from St. 
Paul (Atlantic) contained considerable quantities of phosphate of lime, but Renard concluded 
that it was formed after the manner of common mineral incrustations and is, therefore, not 
comparable to ‘he large quantities of apatite »vliich exists as a rock-forming mineral in the 
Bengal peridotites under consideration (“ Challenger Reports. Narrative, VoI» 11, Report 
on the Petrology of the rocks of St. Paul (1879), pp. 16 and 21). 

> Jifc., Giol. Suiv., Ini., vol. XXI (i£S8), p. 165. 
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32. BM/i (figs. I and n) is preserved in all but ihc most decomposed vartefiea. 
The pleochroism is very striking, changing from deep red-brown to bright yellow. 
Numerous inclusions of apatite and olivine sometimes give the crystals an ophitio 
aspect (9’io5\ but occasionally clear crystal -outlines are noticeable (9707). Th® 
small optic axial angle is noticeable in basal scales. 

33. AnthophyllUe (fig. 2).— -In the Darjiling specimens, and to a less extent in some 
from Gipfdfh (9-104, 9-105), there occur platey or divergent bundles of a mineral 
exhibiting most striking pleochroism. Cross-sections of these show prismatic 
cleavages like those of amphibole, and I am indebted to Professor Judd for calling 
my attention to the way in which these features can bj paralleled amongst the 
anthophyllites. Between crossed Nicols sections show colours always of a lower 
order than the neighbouring olivines, whilst longitudinal sections show straight 
extinction. Partial interference figures are obtained in the longitudinal sections 
which show pleochroism from deep claret-red to gamboge*) ellow. From these th ? 
double refraction appears to be negative. Other longitudinal sections showing 
pleochroism from straw-yellow to gamboge-yellow never give an interference figure 
in convergent polarised light. The crystallographic relations of these features can 
be made out from the cross-sections, which show the characteristic amphibole 
cleavage; in these the pleochroism is claret-red (nys vibrtting parallel to the 
macro-diagonal) and straw-yellow, (rays vibrating parallel to the brachy-diagonari. 
We see, therefore, that the rays vibrating pirallel to the verticil axis, as shown in ih • 
longitu<iinal sections, are gamboge-yellow, and as the interferuice figure is obtained 
only in the sections which show the clarct^red to gambogo-)ello\v })leochroism the 
optic axial plane mu'.! bj parallel to the brtchy-pinacoivl, and, the double re'riciiou 
being negative, we havi the following optical scheme - 

straw-yellow. 

^ = claret-red. Absorption, 

gamboge-yellow. 

The crystals are freipiendy marked by bands of fine cavities which can only be 
individualised under i-Sth inch objective. Along the edges and into cracks there is 
generally a bluish green fringe which seems to be a change to chlorite, polarising 
with very much lower colours. The grains were lou small and too well jntergrown 
with other minerals to permit isolation of pure material for chemical analysis ; but 
from the properties which can be tested it seems safe to refer this mineral, as Pro- 
fessor Judd has suggested, to the group of rhombic ainphiboles. Antliophyllite is, 
according to Rosenbusch, often found in serpentines. 

34. AugiU (fig. 2) occurs in colourless or pile green crystals often developed 

around biotite. It occurs in the Darjiling rocks in very small quantities, and its 
intimate association with the amphibole suggests an origin for the lattejf. In the 
Girfdfh specimens its distribution is variaole. It occurs with the antbophyllitc 
sometimes in considerable quantities (9-105), and sometimes is absent in sfpecimens 
obtained from the same shaft; in this case it is noteworthy that the ainphiiole i 3 .]at 
the same time wanting (9*876). Unless xepresented by the niicrolites of thi ground- 
mass it is absent also from the more compact varieties (9*109). 5 

35. Matrix (fig. 2j. — In addition to the minerals described above, thete occurs 
in the Girfdfh specimens a dirty matrix polarising wi.h \ery low tints, either in small 
irregular patches like a partly deviirifjed glass, or as a microcrystalline mosaic. In 
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some places it suggests felspar, but theie are no signs of twinning or definite crys- 
tal structures and its quantity is very small. It appeals hke a residuary matrix 
(9-876, 9-105). Classing this sul stance as an altered glassy matrix seems to be 
the more justified from the occurrence in the American mica-peridotites of a glass 
presenting similar characters. In a mica-peridotite occurring as a dvke of late 
carboniferous age in Central New York C. H. Smjth, Jr., has recognised a glassy 
matrix which is not alwajs devilrifitdd A broMni.sh-grey clouded material with 
similar relations has been noticed by Dillcr in a mici-pcridolitc dyke in Kentucky,® 
and similar material has been found in otl er pcncotitcs, for example, in kimberlite 
from South Africa (H. Carvill Lewis) and in the Kiliott county p^ridotite in Ken- 
tucky (j. S. Diller). 

Sec ond a ry minet a h. 

36. In all specimens tl c } rrccescs of hydration anil the production of carbo- 
nates have commenced. Sirpifitim, as usual, lesults from the hydration of the 
olivine, the change being attended with the separation of dusty magnttiie. In one 
specimen in which decomposition has well advanced small crystals imbedded 
in the serpentine exhibit the chancters of ptro/skiic. They occur as yellow, 
clouded grains gem rally diamond or spindle-shaped, measuring up to o*r mm. long 
and 00; mm. wide, llie plains when sutficicniiy clc^r to examine with polarised 
light show r.M. n illv suong double n fraction which seems to be due to 
carbonates fil’ing the vcllow si ells. hen quite brown, how'cver, thev are isotro[)ic. 
Removed from llie scrpi nline with a .^harp needle and lused with sodium -carbonate 
they gave a diftinct reacl’on lor titanium on being boded with h}diochIoric 
acid and tin. Ddlei has descried as anatase similar grains in the scipeiUinc 
pseiidomorphous after olivine in the peridoute of Plholt County, Kentucky. 
G. H. Williams identified perofskite in the serpentine ol S}racube, New York in 
1887,5* and at his suggestion Dibcr cn ic-c.\amiiiing the Elliott Counti} peralotite 
found that similar grains which had been cloublfurv referred to anatase were 
really perofskite.* Similar grains in {ciuloiitcs have been referred to perofskite 1 y 
C. II, Siiivth (Central New York),' ly Dille' 'Keniuckv)'^ ad by Branner and 
Brackett (Arkansas).? The curbonaUs, w'hich arc .so coinmc in ihese rocks, give 
the chemicil icac lions for dolomite.^ These arc found, sometimes with clear 
secondary quartz, infilling cavities from which dccompo‘-are minerals have been 
lemoved. As a final stage in the procc.sscs of decomposition, the magnetic oxides 

* AmtT,y n. Sci , 3rd Scr , \ ol. XLIIl (1892)1 p* 324 * 

* nid, 3rd Scr., Vol. XLIV (1892), pp 287 288. 

Idid, 3rd Ser, Vol. XXXI V (1887) p. 1 40 . 

Ibid., jrd Ser , Vol. XXXVII (1889), p. 2.9- 

Vol. XLlIl (189?), p 324 

* Ibid., Vol. XLIV 11892), p. J^ 7 - 

Ibii ., Vol. XXXVIII (1889), p. 57 - 

8 Previous records of the occurrence of carl ates .among the secondary products of 
igneous rock, which have intruded into carbonaceous stia-a l.ave already been referred t> 
(ante, p. 13S) In the case of the KIHott Co. peiidotite similarly situated, tl.e carbonate was found 
also to contain magnesia (Diller. Ue. cit., p. 19) For further development of dolomite from 
peridotita, see Wadsworth, Lithological studies, Afem. Mu^. Comp. Zool, Cambr. Mass., 
Vol. XI (1884), ?• ' 39 . 'riiog. Fifth Ann. Re^ , U. S. Gcol. Surv., 1883-84, . aiy. 
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become oxidised and hydrated, -the carbonates removed in solution, and the 
aluminous minerals reduced to a soft yellow, buff-coloured or red clay at the 
outcrop. 

Varieties due to differences of mineral Cf>mposition, 

37, All the rocks originally contained olivine in large quantities, but variations 
occur especially in the proportions of the augite and amphibole, and to a smaller 
extent, of the apatite. These ultra-basic rocks differ only slightly from the mica- 
olivine dolerites, which in the same way break through the coal-measures of the 
Barakar area, but which I have not found in the Gindih coal-field.^ 

The following are the principal types of ultra-basic rocks represented, with 
the primary minerals given in approximate order of quantity, the most abundant 
first: — 

(1) Olivine-mica-apatitc rock, with magnetite and chromite (Q'Syfi). 

(2) Olivine-apatite-mica-augite-anthophyllite rock, with small quantities of 

spinellids (9' 105). 

(3) Olivine-mica-apatite-anthophyllite-augite rock, with spinellids (9*104). 

(4) Olivine-mica-anthophyllite-augite rock, with apatite (9*707;. 

(5) Mica-olivine-anthophyllite-augite rock, with apatite (,8*723). 

Varieties due to differences of structure. 

38. The rocks vary from a fine-grained variety with a matrix probably originally 
glassy to varieties composed of crystals measuring 2 or 3 mm. across with por- 
phyriiic crystals of olivine quite 10 mm. in diameter. In the former type pheno- 
crysts of olivine occur in a pilotaxitic matrix ; but biotite, which is so proinineut in 
other types, occurs in rare and small crystals ; being one of the latest minerals 
formed, this is only what might be expected. The olivines are generally replaced 
by rhombohedral carbonates with smaller quantities of a yellowish brown hmoriitic 
product, evidently a further stage in the decomposition of the fcrro-magne.sian 
silicates. The apatite crystals are still, preserved, and by their arrangement in 
directions approximately parallel to the junction with the sandstone, show the 
direction of pressure to which the rock was subjected before final consolidation 
(9*109, fig. 3). Rocks of this structure would be included under those referred toby 
Professor Cole as compact peridotites^^ and arc equivalent to the picriic-porphyriies 
of Rosenbusch and the kimberlite of Carvill Lewis. 

The holocrystalline types are granitic in structure and require no further notice 
under this head. 

V. — Summary. 

39. The so-called “ mica-traps ” intrusive into the coal-measures, sandstones, 

and shales of Lower Gondwana age in Bengal, prove to be 
Mica traps.” hsisic and highly phosphatic ultra-basic rocks (paras. 26, 27, 

37)« A. : 

* The rock which for the present I have referred to as a mica-olivine-dolerite,^* is dis- 
tingaished from the ultra-basic rocks by containing considerable quantities of felspaf with a 
very small proportion of apatite ; its magnetite al. 4 o occurs in long laths instead of in gfanules. 
On account of these peculiarities, I have provisionally separated certain compact an^ partly 
decomposed specimens from the ultra-basic group until by fresher specimens their characters 
can be traced out more fully. Specimens so separated occur so far only in the G^akar- 
Rdniganj coal-field. 

^ Aids in Pract. Geol. (1891), p. 220, 
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40. Members of the latter group invariably contain large quantities of oltvine 
Mineral composition. itoitU with apatite^ which is always abundant and some- 

times forms a*, much as 1 1 per cent, of the rock. Amongst 
the other primary minerals, augiU and pleochroic anthopkyllile take a prominent 
place, whilst tlmeniU^ magnetite^ and chromite are variable. Amongst the secondary 
minerals serpentine and magnetite are the earliest products of alteration. These are 
followed by pero/skite and rhombohedral carbonates which always contain mag- 
nesia. The final result of weathering is a ferruginous, yellow, buff-coloured 


Structure. 


or red clay (paras, 28 — 36). 

41. In structure the rocks vary from the coarse holocrystalline varieties which 
form the central portions of the large masses, to compact 
pendotile forming the selvages of d}kes and the smaller 
veins. In the latter the phenocrysts of olivine, apatite, and magnetite occur 
in a pilotaxitic matrix which probably originally contained some glass (paras. i6, 
28, 38). 

42. The rock occurs as narrow d)kes and intrusive sheets in the coal-fields of 
D^rjfling, Ranfganj, Barfkar, Jherria, Dcoghur, Girfdfh and 
probably Ramgarh, thus occurring in places more than 250 

miles distant from one another (paras. 10 — 13). 

43. As these dykes are younger than the Rdnfganj series and older than the 
Raj m ah/ll traps we have a petrographical province of about 
Piinchet age (para. 14)- 

44, As far as can be judged from descriptions, there is an interesting analogy 

between these rocks and those intruding into the Kimberley 

Analogies with South shales of South Africa, where, in carbonaceous beds of about 
African pendotites. ^ j j- j i • • j . 

the same age as the Damadas, a diamond-bearing pendot- 

ite is also associated with basaltic dykes, which arc the underground representatives 

of the sub-acrial lava -flows capping the Slormberg beds, thus occupying a position 

corresponding to the Rajmahil traps of Bengal (para. i). 


Occurrence, 


Geological age. 


VI. — Expi.anation of Plate 1. 

Fig. I. Olivine-biotite-apatite rock with magnctiic and . ' omite. Central 
portion of a large mass in No. 7 Jogitand shaft, Giiidih coal-field 
(9-876). 

Fig, 2. Olivine-biotitc-apatite-augitc-anthophyllite rock with iron-ores and a 
decomposed grey groundmass. The oli\ines in this rock are 
almost completely serpentinised (9- 105)- From another dyke in the 
same shaft. 

Fig. 3. Compact peridotite showing fluidal structure by pressure at the selvage 
of a dyke intruding into sandstone. Apatite crtstals occur as 
numerous rods; olivines mostly replaced by carbonates and 
limonite ; magnetite scattered through the pilotaxitic groundmass. 
Sibpore Colliery, Asscnsole (9 U ,) (see p. 140). 

Fig. 4. Crystal of olivine showing two series of cracks (9,876) (see p. 137). 

Fig. 5. Microlites developed by maintaining the artificially-produced glass 
of No, 9*105 at a bright red heat for la hours (see p, 134). 

Sp. gr. a-99- 
All magnified X ,5/2. 
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On a Mica-flypersihcne-Hornblende^Pcridotlte $n Bengal — By Thomas 
H, Holland, A.R,C.S., F*G.S,, Deputy Superintendent, Geological 
Survey of India, 

H— iNTaoDuciroN. 

Takirg ihe essentia! and primary coiiStituenls in tkeir approximate order of 
proportion, the peridotite from ManMidm described in this paper may be classed as 
an olivine-hornbicnde-hiotite-hvpcrsthene-augite rock with accessory pyrrhotite and 
pyrites. 

A Ctrtajn amount of interest &ttac})es to a rock of this composition - 

(1) On account of if‘e very small number of peridotius known in which biotif-/ 

is a primary and an essential C( nstituent. 

(2) On account of the still smaller number of mica-hornblcnde-peridotitcs 

known. 

(3) On account of the presence also of bypersihcne which, with prin.ary 

olivine, biotite and hornblende, Lurns a cornl>inalion of minerals it seems 
hitherto undcscribed. 

(4) On account of the proximity of this rock to the Bengal coal-tields in whicli 
mica- pc rid oil les of a vtrv peculiar character pierce the scdimoiUarv 
rocks in all directions.! 

(/) Pt eviously described Mica-Pci idotites. 

An oliviric-hiodte rock with blue-gieen spinel, litanifcrous iron, augile and 
plagioclase as accessoiies associated with the gabbro mass of the Ilarz. was de- 
senbed in 1889 by Max Koch’^ This seems to have been the first micropeiidotite 
described. 

In i8i) 2 C. H. Smyth dcscril-ed a mica-ptridoliie occurring as a (I}ke of late 
carboniferous age in Central New Vink.® Ihe structure of this rock in being dis- 
tinctly hemi'CrNStalline like kimberlite, agrees strikingly with that of some of the 
varieties of mica-apatite-peridotites occuning as intrusions in the Bengal coal-fields. 

Later in the same year J. S. Diller published an account of a rnica-peridotile 
from Kentucky describing it as a dyke-rock composed essentially of biotite, ser- 
pentine and peiofskite, with smaller pre portions of apatite, muscovite, magnetite, 
chlorite, calcile and some ether secondary products. In this rock also there aie 
considerable quantities of a browni.'sh grey clouded material without crystallographic 
outline or such physiced features as definitely indicate its originA From the de- 
scription it resembles the substance which in the mica-apatitc-peridotites I have 
referred to decomposed and devitrj^fied residuary matrix, 

* The Locality in which the rock was found is on the southern border of thjfe Jherria 
coal-field and is only 36 miles west of Raniganj. The peridotites referred to are^dc scribed 
In a separate note (^ec., Gtol. Sttrt*., /«d., vol. XXVII (1894), p. 1 29). 

* Zfitschr. d. Deutsch. geol. Ces.y v.d. XLl (1889), p, 163. 

* Amer, Joutn. Sci , 3rd ser., vol. XLIII (1892), p. 322. 

* Amer Journ. 5 rt,, 3rd ser., vol XLlV (1892), p. 286. 
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( 2 ) PfCvtou$ly described Mtca~II ornblende-Peridotites, 

The well-known SchilUrfeh of Scbrieshcim in Badrn described by Cohen is a 
hornblende-peridolite (hudsonite, cortlandtite) with mica, which apparently is less 
prominent than in the Mdnbhum peridotite.^ 

The nearest ally to the Mdnbhiim specimens seems to be the rock described as 
scveliU (mica-hornblende-picritej from Caithness by Pr dcssor Judd. In this rock, 
however, the pyroxenes which once existed have been compleicly changed to am- 
phibole.® 

Amongst the peridolites of the Cortlandt series near Pcekskill, New York, the 
late Prof. G. II. Williams described as horiiblende-pcridotite {cortlandtite) a type in 
which, besides the essential constituents hornblende and olivine, there occur hy- 
persthene, augite, biotitc, felspar, spinellids and pyrrhoiite in subordimie quantities.^ 
This rock, therefore, very nearly approaches the Mdnbhum peiidotile, but the biolite 
again appears to be far less prominent. 

In 1892 Messrs. Dakyns and Teall described an enslatitc-diallage-hornhlcnde- 
hwiite-olivine rock from amongst the plutonic intrusions near the head of Loch 
Lomond in Scotland. In this rock the small quantity of both biolite and olivine 
remove it fioin the Mdnbhdin type. 

The lock •! in 18S0 by Sir Archibald Geikie as a picritc from the Island 

of Inchculm, Filth of Forth, contains oli\ine and its ser])cntinous products, augiie, 
biolite, pdagioclase and its secondary products, and iion-ores with, according to 
Mr. Te.dl, hornblende ami apatite. The hornblende, however, is variable and 
sometimes absent, ^^bilst the biolite occurs only as occasional lung scales and 
according to Mr. Teall is po.‘^sibly of secondary or.gm ^ 

Uiher described peridolites contain subordinate quantities of brown mica, for 
example, Pen-y-Carmsiog Anglesey (Hoiiney)/* Gipp's Land (Bonney),? Pike 
county, Aikansas (Bianner and Brackett Elliott county, Kentucky (Diller)® 
Taherg, Sweden (Turnebohm),^^ but in these cases there is an absence of the 
pyroxene, or hornblende, or both. I know of no case, iheref^’ • similar 10 that ol 
the Minbhum pcridotiie. 


IL — Mode of occurrence. 

Specimens of this rock, labelled “hornblende rock “ (No, 3*22), were collected 
by the late IMr. Feddcii in the season 1H65-66 near the Ijri river, west of Bhurro 
(Lat. 23' 37'N., Long. 86"" 30' FI.J in tlic Mdnbhiim district. It is associated with the 
other crystalline rocks near Chypabad and P.alkuree, and according to Mr. Fedden 

1 A>n« Juhrb. fur Min , 1S85, vol. I, p. 242. 

® Quart, fourn. Geol, Soc ^ vol. XLl (iii85), P* 40b pl^tc fig- 8 

* Amer. Journ. Sd . 3rd ser., vol. XXXI (i 88 i), p 29. 

* Quart, fourn Geol. Soc.^ vol. XLVllI (iSy2) s 112. 

* Geikie, Trans. Roy. Soc, Ed., vol. XXIX (18S0/, pp. 506 -508. Teall, Brit. Petro- 

graphy, 1888, pp. 94 ‘^ 9 ^» plate IV, fig. 2. 

* Quart, Journ, Geol. Soc., vol. XXXVll (1881). p. 138. 

Min. Mag., vol. VI (1884), p. 54* 

* Atner, Journ. Sci., 3rd ser., vol. XXXVIII (1889), P. 5^* 

^ Ibid,, 3rd ser., vol. XXXII, (1886), p, 121, and Bull, V, S, Geol, Sur^u.^ No. 3 S» 1SS7. 
Netces Jahtb. Min, (1M2', vol. 11 , p- 66. 
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can be traced westward throuj^h Futtoadeeto Bagoolah, where it forms a large mass. 
Between Hoioopalhar and Partand, 6 miles west-north-west, it is exposed in a mass 
running north-west and cropping out at right angles to the mica-schists and 
gneisses. 


III.— Petrological characters. 

The specimens exhibit in a striking manner the lustre-mottling which is so 
charactcribtic of hornblende peridotites; and in this case the structure is due to the 
bright cleavage-faces of the hornblendes and the ophitically disposed scales of 
biotile, which often determine the fiacture of the rock. The specific giavity is 
3 '« 34 . 

Under the microscope the following minerals are distinguished — 

Apatite. 

Olivine. 

Pj^roxene (Hypersthene and Augitc). 

Biotite. 

Hornblende. 

Magnetite. 

Pyrite and Pyrrhotite. 

Felspar. 

Apatite occurs in sparsely distributed crystals measuring up to 025 mm. 
in diameter. Rod-shaped cavities are arranged pirallel to the vertical axis. 

Olivine^ colourleos and without crystalline form, is included bv all the other 
minerals. A striking feature in this mineral is the separation of magnetite m 
stellar and dendritic markings reaching sometimes O' I mm. long, like those de- 
scribed by Professor Judd in the olivines of a picrite from Halival, Isle of Rum ^ 
In the olivines of this rock also the branches of the dendrites trequenllV' exhibit 
rectilinear limits as if bounded by the edges of negative crystds in the olivines, 
and these straight lines arc always parallel to a direction of extinction ; they an 
parallel, therefore, to One of the cr)stallographic axes. In sections cut at right 
angles to these inclusions they appear as lines and rows of dots : on e.xamining Ihc^e 
sections with a quartz wedge there is an appearance of thinning when the axis of 
the wedge is placed parallel to the inclusions ; the inclusions therefore cannot lie 
in the brachypinacoid.® As only one set of inclusions is present they are presum- 
ably not parallel to the prism faces ; they are, therefore, either parallel to the 
macropinacoid or the basal plane. Several sections approximately parallel to the 
inclusions have been made, and these invariably give at least a partial interference 
figure; as the optic axial plane is parallel to the basal plane in olivines, it may be 
concluded that the sections parallel to the inclusions are macropinacoidal.^ 
Irregular cracks traverse the olivines in all directions and sometimes cross the 

* Fedden, MS. report on parts of MXnbhum and Hazaribdgh, 1865-66. 

* Quart. JouTft* Oeol. Soe ^ vol. XLl (1885), p.381, and plate Xtl, figs, 2-7. 

* In olivine with positive double refraction (as shown by this mineral) — it* 
and c*a. 

^ No crystallographic faces or trustworthy cleavage cracks being exhibited, this stitement 
has to be made without the confirmation desirable Tabular inclusions parallel to the macro- 
pinacoid are curiously like the shapes of fayalite crystals. 
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dendritic plates. These cracks are also filled with black material which is often 
arranged in a dendritic fashion; but these lie in irregular positions, and thedcndiiiic 
growths are analogous to those of the velhknown manganese-oxide infiltrations 
in the joint-planes of rocks. There are other cavities irregular in shape and often 
joined to one another by tortuous canals ; these are generally partially filled with 
black stones. 

The olivines in this rock show scarcely a trace of serpentinisation, and in \his 
respect present a striking contrast to those of the mica-pendotitcs in the adjacent 
coal-fields. It is noteworthy also that in the latter rocks the dendritic products of 
schillerizalion are quite wanting. 

Pyroxenes.^Wh^n free of inclusions the hypftsihene shows a distinct pleo- 
chroism in thin sections (pale pink to almost colourles'-). The majoiily of the cr}stals 
are schillerised, the plates l}ing, as in that fiom St. Paul, parallel to a diiection of 
extinction. The colours between crosstd Nicols are low. Polarisation-effects of a 
distinctly higher order are cxliibited by a colouilcss mineral occurring in granular 
aggregates and less often as isolated crystals. In these crystals the rod-like inclu- 
sions crossing one another nearly at right angles aie so numerous that a satisfactoiy 
determination of the optical properties of the mineral could not be made. All extinc- 
tions from the directions of the inclusions, us well as from the cracks occasionally 
presented, are oblique, and as the mineral is unaffected by hydrochloric acid, it has 
been taken for colour usi augiie, which would not be remarkable in this as.sociation. 
The crystals, too, aic patched all over with green hornblende which has apparently 
developed by parainorphism. 

llomhlendt occurs in two forms — a blown vaiiety in crystals 40 mm. or 
moie in length and including all the other mincr^'is in the rock ex«.cpt biotite, and 
a gieen \ariety of later development, being the result of the parainorphism of 
aiigite and occurring in isolated patches with the granular aggregates of this latter 
mineral, us well as on the margins of, and in optical continuity with, the larger brown 
hornblendes, 'Phe extinciion-angle of the large ci)stals is noticeably wide, the 
maximum measurement being 22^. The quartz-wedge placed along the direction 
of cxliiiclion in clinopinacoidal sections gives (^wiih crosse . \icols arranged at 
45” to the quartz-wedge) an appearance of thickening. Taking this direction as 
the axis of optical elasticity c we have the pleochroism : — 
jCsrdecp brown. 

a=vcry pale brown with a tinge of green ; 
and from cross-scctions showing the charactciistic prismatic cleavage, 
b ~ deep greenish blown. 

Sections, therefore, paiallel to b and a are not strikingly pieochroic. Minute 
rod-like fticlusions arranged parallel to the cleavage-cracks appear sparsely distribut- 
ed through the longitudinal sections. Ihe gieen hornb’tnuo calls for no special 
remark. 

PioiiiCj by’ its cleavage, often dctcrmii *3 the direction of fracture in 
the rock. It is intergrown with hornblende, and apparently is of later development 
than any of the other primary constituents. Basal plates show a very narrow 
optic-axial angle, and in the same sections numbers of brown and black plates, 
sometimes hexagonal in shape, arc arranged parallel to the cleavage-plates. I 
have not been able to discover ihat^these have any definite crystallographic disposal 
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of their edges with refcrtnce to the percussion-figure. Associated with the plates 
are fine hairs which are often arranged at angles of to one another. 1 hesc are 
general!} referred to sagcmtic rutile, but a careful cheiin al cvaminition of a number 
of flakes gave no reactions for titanium. VMiethei a portion ortho whole of these 
inclusions aie primary or second irv cannot be decided by this spoLimcn alone, but 
the fact th it distinct scliillon/ation with definite cjystallographic disposil of the 
secondar} products is exhibited b\ the other minerals in the rock, points to a 
similar oiigin for the blemishes in the biotile. 

Iron-ores — The tni^netiie la almost whollv second iry, the olivines being some- 
times almost opaque from the sop nation of this mineral. Granules of p\rrhoiite 
and rth measuring up to 5 mm in diainelei are sparse!) scattered thiough the 
rock A test for metallic iron gave negatue results 

Plagiocla^e in ver) small quantit) appirentU infilling cavities as il 

of secondarv origin. 1 he 1 ryslals arc clear, unschillcnrcd and general!) twinned. 
Simultaneous extinction occurs in patches sepirated b^ distances of 2 mm or more. 
The extinction-angles agree with those of labridorite 


GEOLOGICAL SURVEY OF INDU DEPARTMENT. 


IRI-MONIHLY NOIES. 
No 21.— Ending 3rsi October 1894 


Dtrecfofs Office, Cahuifa, jisJ Ocioher 

The programme for the next field season (1894-95) has been airangcd as 
follows . — 


SciJNTine. 

Central India — Mr. R D. Oldham, Superintendent. 

Mr. P. N Datta, Assistant Superintendent, and an Assistant Supuiptcndcnt 
about to be appointed by the Secretary of Stale. 

Central Provinces, — Mr. P. N. Bose, Superintendent. 

Madras — Mr C. S. Middlemiss, Deputy Superintendent. 

Burma, —Dr. Fritz Noetling, Palaeontologist. 

Baluchistan ,— F IL Smith, Assistant Superintendent. 



PART 4*] 


Tri-monthly Notes. 


M7 


Economic. 

Sukkuf Expcrtittenid Bon ng^ and Etonomic Geology of Baluchufan 2— 

Mr. T. D. La Touche, Superintendent. 

Lala Hira Lai. 

Madras and IL Warth. 

Chota Nagpore.—K specialist about to be appointed by the Secretary of State. 

The Director and Mr. Holland will be at Headquarters during the coming 
season. 

Mr. Hughes, Superintendent, is still on sick leave ; Mr. Oldham re-joined his 
appointment on the 17th instant from furlough, during which he had occasion 
to visit the Galician oilfields with permission of the Secretary of Slate. Lala Kishen 
Singh is on furlough and Lala Hira Lai on privilege leave, which he re-joined on 
the 16th instant. 

During the last three months most of the officers have been in recess-quarters 
for the purpose of working up their maps and notes, and all have sent in their 
progress reports for the last field-season. 

Important work has been done and is still in progress in the Laboratory under 
Mr. Holland, who is ably assisted by Mr. Blyth, the Museum Assistant. The 
re-airangement and cataloguing of the mineral and rock collection is a work of 
paramount importance, and it is hoped will be completed during the coming 
cold weather. 

Dr. Noctling was engaged for several months past in working out and describing 
some important collections of fossils. The tertiajy fossils of the Yenangyoung oil- 
tract have been described and figured and will shortly appear as paitji of Vol. XXVI 
of the Memoirs. A still more important suite of fossils, namely those collected by 
the survey in Baluchistan, has been subjected to critical examination, and the first 
instalment of a new ‘‘series” of the Palacontologia Indica wdl be published as 
soon as the plates belonging to it are lithographed in the off It will contain 
the jurassic fossils of Baluchistan. 

The overflow of ihe Gohna Lake . — It will be remembered that a landslip occur- 
red early in September 1893 and dammed up the Birahi Ga.iga which drained 90 
square miles above Gohna. The locality was examined by Mr. Holland early in 
March i894, when the lake was nearly 3 miles long with a maximum width of i 
mile. Mr. Holland’s report described (i) the geographical and geological features 
of the Birahi Ganga valley, (2) a description of the landslip and lake, and (3) a 
discussion of the causes which led to the landslip. 

With regard to the second point he predicted : — 

(1) That the lake would be full and would overflow the barrier about 

the middle of August. 

(2) That the dam was strong enough to resist the pressure of the water 

before overflow. 

(3) That after overflow the lake would be reduced to one about 3J miles 

long, and that this would remain permanent for some time. 

(4) That landslips would occur into the lake. 


D 
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The lake overflowed the dam early on the morning of August a 5th, the stream 
flowing down the steep slope to the bed below Gohna. The erosion thus continued 
until late at night when a channel having been cut back to the lip of the lake 
a rapid recession of levels followed until the erosion was checked by reduction of 
the slope and exposure of large blocks of dolomite, by removal of the fine detritus 
forming the upper part of the dam» The lake left is about 3 miles long and over 
300 feet deep, with, according to the latest accounts, every chance of being histori- 
cally permanent, although its gradual destruction by silting up of the ^sin and 
gradual erosion of the dam will, geologically considered, happen at no distant 
time. The landslips which have occurred into the lake have with the silt raised the 
bottom nearly ico feet. The dam is now quite firm and the outlet through the 
gorge cut in its upper partis over a rocky bed with a slope of about i in 15. 

In this gorge, cut through a portion of the first of the two main falls, there are 
exposed, according to Lieutenant Crookshank, R.E., great bundles of strata 
dipping towards the south at an angle of about 5o^ which he regards as a striking 
confirmation of Mr. Holland's conclusion with regard to the peculiar character of 
the first slip in which Mr. Holland considered that the hill must have pitched 
forward and not have slipped down in stream fashion after the manner of smaller 
and more common landslips. (Records, vol. XXVII, page 59.) 


List of Assays and £xamtnaiions made the Laborator y^ Geological 
Survey of ln4ia^ during the •months of August, September, and 
October t8g4. 


Substance. 


1 Specimen of quaitz, 
with iron pyrites, t»om 
Donffreea hill, Bhan- 
dara Dist , C. P., Ipr | 
Oold. I 

I 

3 Specimens of manf^anese 
ore {Braumtf with pstio- 
m ff lane), irom the Central j 
Provinces. , 


For \>hom I Result 


P N. l)\ TA, Geological Contains no Gold 
butvfj w India. 


P. N. Datta, Geological 
Survey of India. 
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List of Assays and Examinations made in the Laboratory^ Geological 
Survey of India, during the months of August, September, and 
October continued. 


Substance. 


t'dr whom. 


Result. 




'S.y-S 


:£S 5 


3 

o 



a. 


I specimen from near 
Cioona, Gwalioif for ex- 
amination. 


Col. n. G. Pitcher. Direc- 
tor of 1 and Rccoids, 
Gwalior State. 


Fibrous Calcite. 


Rck'Ic<$ fiom the .Sone I 
Valley. Kowah .State I 


P. N, Bose, Geological 
Survey of India. 


I 


I 


.•;^o slide '=!»• 

From the Sone, Rampu'wa, Ramnagar 
lahsil. 

BroTiTE-ONEISS WITH ..I- PTk'NlTE VEINS — ^ 
"1 h<' handvsperimeii se- vs black-mica gneiss 
with bands of lcpt> * e arranged paral- 
lel to the direction c foliation. Undw 
the microscope the structure is granulitlc 
to gianitic. The minerals are ’"-Q uati^ 
in bands of granules with liquid-beating 
cavities in lows. Felspar, sometimes 
showing lamellar twinning. The cen- 
tral portions <if the crystals are irry or 
bniwo ly the abundanre of kaoli- 
nized profluct*'. 1 he margins are clear 
and appear soinotirnis to be ot ond- 
.aiy giowth. in nugula highly 

plcochroic bundles a « greenish-yel- 
low; /5 arid ^ .. dark-green with al- 

most complote absoiption. Seldom 
fringed with chlorite . Ct'ourless mna 
•■cuis in very small quai.vity. Aputitc 
... spaisc stumpy crystals. Itofi-otes 
occur very rartly* Fpidote is deve- 
loped in large quantities. 


- - , Slide 1300. 
i«5i 

From the Sone at Rampurwa, Ramnagar 
iTashil. 


D -i 
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List of Assays and Examinations made in the fdboratory^ Geological 
Survey of India, during the months of August, September, and 
October 18(^4- concluded. 


Substance. 


For whom. 


Result. 


of the rock. These are imbedded in a 
rained matrix of green hornblende 
and microcrvstalline aggregate of 
quarU and felspar in small quantities. 

IR, Slide r3o7. 

Mica-Sybnitb. Harbora, Sahaol Tahsd. 

Pink felspar and small quantities of 
quarts with dark-green hornblende and 
chlorite are easily seen with the naked 
eye. Under the microscope the tollow 
ing minerals are distinguished 

Apatite i dark- green hornblende y hiotite 
almost compktely changed to chlorite, 
felspar pi incipalty orthoclasot sometimes 
plagioclasc always kaolinised,and quarts 
in small quantities showing a feeble 
attempt at micrographic intergrowth 
with tne felspar. 

Slide 1304. 

Euritk (de vitrified rhyolite approach- 
ing syenite-felsite). 

Ponn. east of Kua, Ramnagar Tahsil. 

'Ihe hand specimen is compact* has a 
conchoidal fracture and grey colour 
like many eurites. Phenocrysts of 
felspar are more common than those 
of quarts which occur in small granules. 
Some of the felspar is plagioclase. 
Ihe matrix is mici ocrystuline and 
shows fluidal structure. 


Notifications issued by ihe Geological Survey of In '*% during the 
months of August, September, and October 181^4% published in the 
‘‘Gazette of India/' Part //. — Leave. 


1 epartment. 


Geological* Sur- 
vey Depart- 
ment. 


No, of Older and 
date. I 


Name of officer. 


2o47» dated 21 st 
September 1894. 


Dr. H Warth. 
Deputy Super- 
intendent* 
Geological Sur- 
vey of India. 


Natuie of 

With effect 

Date of 

Remarks. 

leave. 

from 

return. 

Privilege. 

23rd Sep- 



trmbe^ 




lSy4. 
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Annual increments to graded officers sanctioned by the Government of 
India during August, September, and October 


Name of officer 

From 

To 

With effect 
from 

No and date erf 
sanction. 

H. Smith, Assistant 
Superintendent, Geo- 
fegical Survey of India. 

U 

410 

k 

440 

ist August 
1894. 

Revenue and Agri- 
cultural Depai t- 
ment No *^ur- 

veys, dated ^oth 
August 1894 

r. H. D, LaTouche, 
Supenntendenti Geolo* 
gical Survey of India 

Soo 

850 

I I St April 

1 >893 

Do. No Y'V»^“tveys, 
dated 4th October 

1894. • 

Ditto 

850 

900 

1st April 
1894 

Ditto 

^ N Bose, Officiating* . 
Superintendent, (jrenlo- 
gical Sur>ey of India ' 

950 

1,000 

Do 

Do 

vcys, dated 4th 
October 1S94 


Rbmakks. 


Notificattons issued by the Government of India during the months of 
August, Septeynber, and October 18^4^ publibhed in thi ‘Gizette oi 
India/^ Part 1 — Appointment, Conjirynatton, Promotion, Revtysion 
and Retirement. 


Department 

No of order 
and date 

Name of 
officer. 

From 

To 

Nat ire of 
appoint 
ment, ttc 

With ^ffe4:t 
from 

Revenue and 

’"'.Survey,, 

T H n La 

Officiating 

Supcrin 

Sub tanlive. 

17th July 

Agricultural 

Touche 

Super 1 n 

tendent. 

permanent. 

1894 

Department, 

dated 21st 


tendtnt. 

Geologi- 



A u gust 


Geological 

cal Sur- 




1894 


Soivey of 

vey of 



Ditto 



IndiSi. 

India 



Do. • 

T. H. Hoi- 

Assistant 

Deputy 

Ditto 

Ditto 



land. 

Super in- 

Supenn- 






tendent, 

tendent, 






Geological 

Ge ologi 






Survey of 

cal Sur' 






India. 

vey of 
India. 



Ditto * 

’^^^Surveys, 

P N. Bose. 

Deputy 
Supe r 1 n- 

Supenn- 

tendent, 

Officiating 

Ditto • 


dated lUh 


tendent 

Ceologi 


1 


Or t oljie r 


Geological 

cal Sur 


1 


1894. 


Survey of 

vey of 






India. 

■ 4 . 

India. 



Ditto • 

Do. . 

C S Middic- 

Ditto • 

Ditto . 

Ditto • 

Ditto , 



miss. 





Ditto • 

Do, 

P.N Datta. 

Assistafit 

Deputy 

Ditto 

Ditto • 




Super I n 

Superin- 





I 

tendent. 

tendent, 






Geological 

Geologi 






Survey of 

cal Sur- 






India. 

vey of 
India. 
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Tri'inonthly Notes. 

Postal and Telegraphic addresses of Officers. 


Name of Officer. 

Postal address. 

Nearest Telegraph 

T. W, H. Hughes 


• 


On furlough . 

„ 

R. D. Oldham . 


• 


Rewa .... 

Rewa. 

T. H. D. LaTouche 




Sukkur .... 

Sukkur. 

P. N. Bose. 




Raipur .... 

Raipur. 

C. S Middlbmiss 




Ootacamuod 

Ootacamund. 

H. Warth 




On privilege leave 


T. H. Holland . 




Calcutta .... 

Calcutta. 

p, N. Uatta 




Rewa 

Rewa. 

W. B. D. Edwards 




On furlough . 

... 

F. H. Smith 


• 


Quetta .... 

Quetta. 

F, Nobtling 


e 


Calcutta .... 

Calcutta. 

HlRA Lal . 




Sukkur .... 

Sukkur. 

Kishbn Singh • 


• 


On furlough . . . | 
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Donations to the Museum^ 


donations to the museum. 

From ist August to 31ST October 1894. 

A core of Barakar sandstone from Giridih (Karharbari) coal-field, 300 feet below 
surface of ground, and 600 feet above lower coal seam. 

Presented by Dr. W. Saise, A.R.S.M., F.GS., 

Manager, E. /. Ry, Collieries. 

Specimens of the crystalline rocks in the neighbourhood of the Giridih coal-field. 

Presented by Dr. W. Saise, A.R.S.M., F.G.S., 

Manager, E, /. Ry. Collieries. 

Specimens of mica-peridotites and dolerites from dykes in the neighbourhood of 
Asansol. 

Presented by Dr. W. Saise, A.R.S.M., F.G.S., 

Manager, E. /. Ry, Collieries. 

Specimens of mica- per idotite and dolcrite from Ohadka, Asansol. 

Presented by S. Heslof, F.G.S. 

Specimens of coal akered by intrusions of peridotite, Cheranpore, Asansol. 

Presented by F. J. Aoabeo. 


ADDITIONS TO THE LIBRARY. 

From ist July to 30TH September 1894. 

Ti ties of Books. Donors^ 

Beck, Dr* Ludviig.-^D\G Geschichte des Eisens. Abth. II, lief. 2—5. 8" Braunsch- 
weig, 1893. 

Behrens, Prof* H. — A manual of micro-chcmical analysis. 8° London, 1894. 

Bronn, Dr. G. //. — Klassen und ordnungen des Thier-Reichs, Band 111 , lief, 2-3, 
and 10—14. 8°. Leipzig, 1894. 

Bruhl, Car/ Das Skclet der Krokodiliner. 4® Wie, -862. 

Cooley's Cyclopocdia of practical receipts. 7th Edition. Edited by W. North. Vols. 
1 — II. 8® London, 1892. 

Cotteau, G.— Echinidcs Nouveaux pu peu connus. Series I, Nos. i— 16, and II, 
Nos. I— 13 . 8° Paris, 1858—1878. 

DaubrIIe, ii.— Les Regions Invisibles der Globe et des Espaces Celestes. Deuxieme 
Edition, Vol. LXII. 8® Paris, 1892. 

Davies, E. H. — Machinery for Metalliferous Mines. 8° London, .S94. 

Foster, C, Le A Text-Book of Ore and Stone Mining. 8® London, 1894. 

Hull, £ 1 — Book on Mount Seir, Sinai and Western Palestine 8° London, 1889. 

%% Memoir on the Geology and Geography of Western Palestine. 8* London, 
1889, 

Volcanoes : past and present. 8® Lo»«.iOn, 1892. 

Johnston, Prc/.— Elements of Agricultural Chemistry and Geology. 8® London, 
1894. 

Kelvin, Baron W* 7*.— Popular lectures and addresses. Vd. 11 . 8® London, 1894. 

Lartit, Louis.— Exploration Gdologique de la Mer Morte. 4° Paris, 1877. 

E 
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Title t of Books, Donors* 

Levy, A. Structures ct classification des Roches Eruptives. 8® Paris^ 1889. 

Lxversidoe, d.— Origin of Moss Gold. 8® Pam.t London, 1893. The Author. 

Louis, Handbook of Gold-milling, with illustrations. 8® London, 1894. 

Mai^lard, Af, — Traite de Cristallographie Geometrique et Physique. Tome 1 -Ilf 

and Atlas. 8® Paris, 1879. 

Mbunxbr, 5. — Les M<^thodes de Synthase en Mineralogie. 8 ° Paris, 1891. 

Meyer, L. — Outlines of Theoretical Chemistry, translated from the German by P. P., 
Bedson and W. C. Williams. 8® London, 1893. 

Murray, J, A, A New English Dictionary on historical principles. Part of Vol. 
til, and Part Vlil, Section 1. 4® Oxford, 1893^1894. 

Oldham, R. Z?.— River valleys of the Himalayas. 8° Pam., Manchester, 1894. 

The Author. 

Pbron, Description des Brachiopodes, Bryozoaires ct autres invertebr^s 

fossiles des terrains cr^tac^s de la Region sud des Hauts*Plateaux 
de la Tunlsie, and Illustrations. 8® and 4® Paris, 1893. 

Pilar, Dr. G. — Grundzuge der Abyssodynamik. 8® Agram, 1S81. 

Return of Mineral Production in India for 1891, Fisc. Pam., Calcutta, 1892. 

Revenue and Agricultural Department. 

Review of Mineral Productions in India for 1893. Fisc. Pam , Calcutta, 1894. 

Revenue and Agricultural Department. 

Robbrts-Austen, W. C.— I ntnexi action to the study of Metallurg)'. 3rd Ed’ition. 8® 
London, 1894. 

Rose, T. Kirke.-^The Metallurgy of Gold. 8® London, 1894. 

Rotuwell, /?. P , — The Mineral Industry 2 its Statistics, Technology and trade, in 
the United States and other countries, from the earliest times to the 
end of 1892 : being the annual statistical supplement of the Engineer- 
ing and Mining Journal. , Vol. 1 . 8® New York, 1893. 

SOHN, Charles E. — Dictionary of the active principles of Plants. 8® LondOh, 1894. 

Tarr, Ralph 5 .-- Economic Geology of the United States, with briefer mention of foreign 
Mineral Products. 8® London and New York, 1894. 

Valentin, W. (#.— A Course of Practical Chemistry and Qualitative Chemical Analysis. 

Edited and revised by Dr. W. R Hodgkinson. 8th Edition. 8® 
London, 1894. 

Walmesley, O , — Guide to the Mining Laws of the World. 8® London, 1894. 

Woods, H . — Elementary Palseontology — Invertebrata. 8® London, 1893. 


PERIODICALS, SERIALS, etc. 

American Geologist. Vol. XII, Nos. 4-^ j XIII, Nos. 1—5 ; and XIV, Na 1, fi® 
Minneapolis, 1894. 

American journal of Science. Vol. XLVII, No. 283 to XLVIII, No. 284. ;8® New 
Haven, 1894. 

American Naturalist. Vol. XXVIII, Nos. 330—333. 8® Philadelphia, 1894. \ 
Annaien der Physik und Chemie. N^e Fo)ge^ Band Lll, Heft 3*4 : and LI 1 1 , Heft 1*1. 
8® Leipzig, 1894. 

Annals and Magazine of Natural BistDry. 6th settee, Vol. XIV, Nos^ 79^1. Lon* 
deny 1894. ' ! ' 
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Additions to the Library. 


TMss 0 / Books. Donors. 

Athenawim. Nos. 3477— 3489- 4 ° London, 1894. 

Beibiatter su den Annalen der Physik und Chemie. Band. XVIII, Nos. 6—8. 8® 
Leipzig, 1894. 

Chemical News. Vol. LXIX, No. 1803 to LXX, No. 1815. 8® London, 1804. 

Colliery Guardian. Vol. LXVil, No. 1746 to LXVIII, No. 1758. Fol. London. 
1894. 

Geographische Abhandlungen. Band V, heft 4. 8® Wien, 1894. 

Geological Magazine. New series. Decade IV, Vol. I, Nos. 7—9. 8® London, 

1894. 

Indian Engineering. Vol. XV, No. 26, and XVI, Nos. 1—7, Fisc. Calcutta, 18^4. 

Pat. Doyle. 

Industries and Iron. Vol. XVI, No. ni8 to XVII, No. 1130. 4° London, 1894. 

Journal of Geology. Vol. II, No. 2. 8® Chicago, 1894. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th 
series, Vol. XXX VI 11 , Nos. 230—232. 8° Londo4i, 1894. 

Mining Journal. Vol. LXI V, Nos. 3068 — 3080. Fol. London, 1894. 

Natural Science. Vol. IV, No. 26 to V, No. 29. 8° London and New York, 
1894. 

Nature. Vol. L, Nos. 1285—1297. 8° London, 1894. 

Ncues Jahrbuch fur Mineralogie, G< 5 ologie und Palaeontologie. Band II, heft 1-2. 8° 
Stuttgart, 1894. 

Neues Jahrbuch tuf Mineraiogie, Geologic und Palaeontologie. Bcilage— Band IX, heft 
I. 8^ Stuttgart, 1894. 

Oil and Colourman’s Journal. Vol. XV, Nos 167 — 169. 4° London, 1894. 
Palacontographica. Band X LI, lief. 1-2. 4° Stuttgart, 1894* 

Palaeontoiogische Abhandlungen. Neue Folge, Band II, heft 4. 4® Jena, 1894. 
Peiermann's Geographischer Mlttheilungen. Baud XL, Nos. 7-8. 4° Gotha, 1894. 

The Editor. 

Scientific American. Vol. LXX, Nos. 22—25, and LXXI, Nos. 1—8. Fol. New York, 
1894. 

Scientific American. Supplement. Vol. XXXVII, No. 961 to XXXVIII, No. 973. 
Fol. New York, 1894. 

The Indian Empire: its peoples, history and products. By ' W. W. Hunter, 8® 
London, 1804. 

The Indian Engineer. Vol. XXI, Nos. 377— 3 « 9 ; and Special Issue, No. i. 4° Calcutta, 
1894. Editor. 

Tsehermak’s Mineralogische und Petrographische Mittheilungen. Band XIV, heft 1-2. 
8® Wien, 1894. 

Zeitschrift fiir Krystal lographie und Mineralogie. Band XX II I, heft 3. 8° Leipzig, 

*894. 

Zeitschrift fur praktische Geologic. Jahrg, 1894, heft 7-8. 8 Berlin, 1894. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Bombay.— S elections from the Records of the Bombay Government. New series, No». 

229—232, and 276-277. Fisc. Bombay, 1894. Bombay Government. 
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TitUt of Books. Donors 

IvoiA.— Administration Report of the Marine Snrvey of India for 1893^. Fisc. Boml»y» 

1894. Bombay Govbanmbkt. 

„ Administration Report on Railways in India for I893-94. Part 1 . Fisc. SimUp 
1894. Government of India. 

„ Government of India Civil Budget Estimates for X894-95. Fisc. Calcutta, 1894. 

Government of India. 

„ India Weather Review. Annual Summary, 1893. 4® Calcutta, 1894. 

Meteorological Reporter to Government of India* 
„ Monthly Weather Review, March to May 1894. 4° Calcutta, 1894. 

Meteorological Reporter to Government op India, 
„ Meteorological Observations recorded at 7 stations in India in the year 1893, 
corrected and reduced. 4^ Calcutta, 1894. 

Meteorological Reporter to Government' of India. 

„ Register of original observations, reduced and corrected, March to May 1894. 
4® Calcutta, 1894. 

Meteorological Reporter to Government of India. 

Rainfall data of India, 1893. Fisc. Calcutta, 1894. 

Meteorological REroRXBR to Government of India. 

PuNJAB.—Gazetteer of the Guzerat District, 1892-93. and Edition. 8® Lahore. 1894* 

Punjab Government. 

„ Settlement Report of Ambala District, 1893. Fisc. Uhore, 1893. 

Punjab Government. 

„ Settlement Report of Karnal -Ambala, 1891. Fisc. Lahore, 1891. 

Punjab Government. 


TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES. SURVEYS, etc. 

ALBANT.--New York Slate Museum Annual Report. Nos. 45-46. 8'^ Albany. 1892-1893. 

The Museum. 

Baltimore.— American Chemical Journal. Vol. XIV, No, 8, and XV, Nos. 1—7. 8® 
Baltimore, 1892-1893, Johns Hopkins University- 

„ American Journal of Mathematics. Vo!. XIV, N0.4, and XV, Nos. i— 4* 

4® Baltimore, 1892-1893. Johns Hopkins University. 

„ American Journal of Philology. Vol. XIII, No. 4, and XIV, Nos. i 3. 

8® Baltimore, 1892-1893. Johns Hopkins University. 

„ Johns Hopkins University Circulars. Vol. XIII, Nos. 1 12 and 114. 4® 

Baltimore, 1894. Johns Hopkins Umivbrsitv. 

Johns Hopkins University Studies in Historical and Political Science. 
Series X, No. 12, & Nos. i— 10. 8® Baltimore, 1892-1893- : 

Johns Hopkins University. 

Studies from the Biological Laboratorj'. Vol. V, Nos. a— 4- B®|Balti- 
moie, 1893. Johns ^Hopkins Univi^sity. 

BASBL^Verhandlungen dcr Naturforschenden Gesellschaft. Band X, heft 8® 

Basel, 1892. The Society. 
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TiiUi of Boohs. Donors. 

BtRLiir.— Afahandlungen dcr KonlgHchen Akadetnie dcr Wtssenschaften *u Berlin. 

4* Berlin^ 189a. Tna Acadkmy. 

^ Sttxungsberichte der Konig. Prcuss. Akad. dcr Wissenschaften zu Berlin. 

Nos. XXVI to XXX Vi II. 8® Berlin, 1893. Thb Academy. 

„ Abhandlungen der Kdniglich Preussischen Geologlschen Landesanitalt. 
Neue Folge, Heft a and Atlas; Heft 9, theilll; and Heft 12 — 15. 8® 
Berlin, 1892. The Institute. 

„ Abhandlungen zur geologischen <tpecia]karte von Preussen und den Thurin- 
gischen Staaten. Band IX, heft 4 to X, heft 5. 8° Berlin, i892»i893. 

The Institute. 

„ Jahrbuch der K6niglich Preussischen Geologischen Landesanstalt und Berga- 
kademie zu Berlin. Band XIIl. 8** Berlin. 1893. The Institute. 

,, Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XXI, No. 6. 
8® Berlin, 1894. 

Bombay. — Journal of the Bombay Natural History Society. Vol, VIII, No. 3. 8® 
Bombay, 1894. The Society. 

Bordeaux. — Actes de la Soci 4 t 6 Linneennede Bordeaux. 7“** serie, Tome V. 8° Bor- 
deaux, 1893. "The Society. 

Boston.— Geology of the Boston Basin. Vol. I, part 1 . 8® Boston, 1893. 

Boston Society of Natural History. 


„ Memoirs of the Boston Society of Natural History. Vol. IV, No. 11. 4® 
Boston, 1893. The Society. 

„ Proceedings of the Boston Society of Natural History. Vol. XXVI, part I. 

8® Boston, 1893. Society. 

„ Proceedings of the American Academy of Arts and Sciences. New series, 
Vol. XX. 8® Boston, 1894. 'Ihe Academy. 

Breslau.— Jahresbcricht der Schlesischen Gesellschaft fur Vatcrlandische Cultur. 

No. 71. 8° Breslau, 1894. The Society. 

Brussels. — Bulletin de la Socicte Royale Beige de Geographie. Annee XVIII, No. 1. 

8® Bruxelles, 1894. The Society. 

Budapest. — Tcrmcszctrajzi Fuzetek. Vol. XVII, Nos. 1-2. 8 . Budapest, 1894. 

The Hunoaria.j National Museum. 


Buenos Aires.— Boletin de la Academia Nacional de Cwcias en Cordoba. Tome 
XI If No, 1. 8® Buenos Aires, 1890. The Academy. 

Caen.— Memoires de la Societe Linneenne de Normandie. Vol. VIII, fasc. i. 4® 
Caen, 1891 Society. 

Calcutta. — journal of the Asiatic Society of Bengal. Vol. LXIII, Part I, Nos. 1-2, 
and Part II. 8® Calcutta, 1894. The Society. 


Proceedings of the Asiatic Society of Bengal. Nos. 5 7. 8® Calcutta, 

1894. Society. 

Proceedings and Journal of the Agricultural and Horticultural Society of 
India. Vol. X. 8® Calcutt. 1894. The Society. 

Records of the Geological Survey of India. Vol. XXVII, part 3, 8® 
Calcutta, 1894. Geological Survey op India. 

Survey of India Department Notes for May to August 1894. Fisc. 
Calcutto, 1894. Survey of India Department. 
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tilUi of Boohs, Donors, 

CASSEL.-^Bcrrcht dcs Vereins fiiir Nnttirkunde m Kassel. No* 39. S° Kassel^ 1894- 

The Society, 

Cincinnati.— Journal of the CiiKianati Society of Natural History, Vcl, XVI, Nr, 4. 

8° Cincinnati, 1894. The Society. 

CorENUAOBN.— Oversigt over dot KongeJige Danske Videnskabernrs Selskabs For* 
handlinger. Nos. 3 (1893) and t (1894}. 8® Kobenhaven, 1893 — 
1S94. The Academy. 

Des MOINES —First Annual Report of the Iowa Geological Survey. Vol. 1 for 1892. 

8® Des Momes, 1894. The Survey. 

Dublin.— Proceedings of the Royal Irish Academy. Vol. Ill, No, 2. 8° Dublin, 

1894* The Academy, 

„ Transactions of the Royal Irish Academy. Vol. XXX, part 12. 4® Dublin, 
*894. The Academy. 

„ Scientific Proceedings of the Ro^al Dublin Society. Vol. VII. part 5, and 
VIII. parts 1—2, 8® Dublin, 1893. The Society. 

„ Scientific Transactions of the Royal Dublin Society Series II, Vol IV, No. 

14, and V, Nos. 1 — 4. 4°. Dublin, 1894. The Society, 

Edinburgh.— The Scottish Geographical Magazine. Vol. X, Nos. 7—9. 8® Edinburgh, 
1894. The Society. 

Glasgow. — Glasgow University Calendar for 1894-95. 8®. Glasgow, 1894. 

The University. 

Gottingen,— Nachnehten von der KonigI, Gesellschaft der Wissenschaften zu 
Gottingen. Mathematisch— physikalische Klasse, No. 2,and Gcschaft- 
liche Mittheilungen, No. i. 8® Gottingen, 1894. 

The Society. 

Halls, — Katalog der Bibhothek der Kaiserlichen Leopoldinisch — Carolmisthen 
Deutschen Akademie der Naturforschcr. Band II, lief. i. 8^ Halle, 
1893, The Academy. 

„ Leopoldina. Heft XXVIII, 4^. Halle, 1892, The Academy, 

„ Nova Acta Academiae Caesareae Lcopoldino— Carol inae Germanicae Naturae 
Curiosorum. Tome LVII — LVMI. 4® Halle, 1S92- 1893. 

The Academy, 

Havre. — Bulletin de la Soci 4 t 6 Geologique dc Normandie. Annees 1887—1889, Tome 
XllI 8® Havre, 1890, The Society. 

KdNiGSBERO. — Schriften der Physikalisch— okonomischen Gescllschaft. Jahrg. XXXIV. 

4®. Konigsberg, 1S94. The Society. 

Lausanne.— Bulletin dc la Soci^t 4 Vaudoise des Sciences Naturelles. 3"* sine. Vol. 

XXX, No. 114. 8® Lausanne, 1894. The Society. 

London,— Catalogue of the Mesozoic Plants in the Department of Geology, British 
Museum. Part 1 . 8° London, 1894. The Museum, 

H Journal of the Chemical Society. Nos 297—349 (1887—1891); and 379— 
381 (1894). 8® .London, 1887— 1891 and 1894. 

„ Journal of the Iron and Steel Institute, Vol. XLIV. 8' London, ^94, 

The Institutb. 

„ Journal of the Society of Arts* Vol, XLII, Nos. 2169—2181. 8*" London, 
*894. The Society. 
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Additions to the Library • 


liiin of Books, Donors. 

Lomdcmi.— Philosophical T ransactions of the Royal Society of London. Vol. 184, parts 
A and B ; and List of Fellows. 4° London, 1894. The Society. 

,, Proceedings of the Royal Society. Vol. LV, Nos. 331 and 333. 8" 

London, 1894. The Society. 

„ Proceedings of the Zoological Society of London. Part 11. 8° London, 
^^ 94 * The Society. 

,, Quarterly Journal of the Geological Society. Vol. L, part 3. 8° London, 

* 8 q 4 * The Society. 

„ Report of the 63rd Meeting of the British Association for the advancement 
of Science held at Nottingham in September 1803. 8° London, 1894. 

„ The Geographical Journal. Vol. IV, Nos. 1—3. 8° London, 1894. 

Royal Geographical Society. 
Madrid.’— Bolctin de la Sociedad Geograpfica de Madrid. Tome XXXVI, Nos.5— 8. 

8° Madrid, 1894. The Society. 

Manchester.— Memoirs and Proceedings of the Manchester Literary and Philosophi- 
cal Society. Vol. VIII, No. 2. 8® Manchester, 1894. The Society. 
MelBOUkne.— Annual Report of the Secretary for Mines, Victoria, during 1893. Fisc. 

Melbourne, 1894. Department of Mines, Victoria. 

Moscow. — Bulletin de la Socictc Imperialc des Naturalistes de Moscow. Anne6 1894, 
No. I. 8* Moscou, 1894. The Society. 

Munich,— Abhandlungen der Math. Phys. Classe der Konig. Bayerische Akademie der 
Wissens. Band XVIII, Abth. I. 4® Munich, 1893. The Academy. 

,, SitEungsberichtc der Mathemat'sch-physikalischen classc der K. b. Aka- 
demie der Wissenschaften Band XXII, heft 3 (1892), and XXIII, 
heft 1-2 (1893). 8” Munebep, 1893. The Academy. 

Naples.— Rendiconto delP Accademia delle Scienze Fisiche E Matematiche. Scries 11 , 
Vol. VlII, fasc, 3—7. 4° Napoli, 1894. The Academy. 

New York. — Annals of the New York Academy of Sciences. Index to Vol. VI ; 

Vol. VII, Nos, b— 12, and VIII, Nos. 1—3. 8'^ New York, 1893-1894. 

The Academy. 

„ Transactions of the New York Academy of Scic iccs. Vol. XIL S'* 

New York, 1892-93. The Academy. 

Newcastle-upon-Tyne. — An account of the strata of Northumberland and Durham 
as proved by borings and sinkings S-T. 8° Newcastle-upon-Tyne, 
1894. The Institute, 

„ Transactions of the North of England Institute of Mining 

and Mechanical Engineers, Vol. XLIII, part^ 2—5. 8° Newcastle- 
upon-Tync, 1893. Institute, 

PARiS.-.-Annales des Mines, 9"" s 4 rie. Tome IV, livr. 12, an^l V, livr. 2—6. 8® Paris, 

1893. Department of Mines, Paris. 

,9 Annuaire Geologique Universel. Tome ^X, fasc. 4, and X, f 'i^c. i. 8° Paris, 

1894. Tbe Editor. 
„ Bulletin de la Societd de Gdographie. 7'”' serie, Tome XV, No. i. 8° Paris, 

1894. The Society. 

„ Comptes Rendus des Seances de la Societd de Geographie. Nos. 13-14. 8® 
Paris, 1894. The Society, 
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Tittup Books. 

Paris.— Bulletin it la Sodeta Geotog^que it Pranen. 3*" thit, Toaw XXI, Nos, a aivi 
’ 4-7.andXXn. Nos.t-4. 8* Paria, »894» THtSoci,rI“ 

„ Memoires it bt Sociate GMo^uo de Franca. Paldontologje. Tome 1 V, fasc 1 ‘ 
4® Paris, 1893. Thb Soonrr. 

„ Bulletin de la Soeiete Mineralogtque de France. Tome XVI, Nos. i~8 
XXVII, Nos. 1-5. 8® Paris, 1893. 

« Ministere des Travaux Publics Carte Geologique de la France et dcs Topo. 

graphies Skiutteraines. 8® Paris, 1893. Tub MiuisTar. 

PHti.ADBi.raiA.— Journal of the Academy of Natural Sciences, and series, Vol. X, 
part I. 4® Philadelphia, 1894. Tub Acaobht. 

„ Proceedings of the Academy of Natural Sciences. Part III, 8° Phi. 

ladelphiAj 1894. TbeAcaobmt. 

„ Journal of the Franklin Institute. Vol. CXXXVIf, No. 6; and 

CXXXVIII, Nos. 1—2. 8* Philadelphia, 1894 The Institute. 

„ Proceedings of the American Philosophical Society. Vol XXX I, 

Nos. 142 and 144. S'* Philadelphia, 1894* The Society. 

Pisa.— Atti della Sodeta Toscana di Scienze Naturali. Process! Verbali. Vol. IX, 
pp. 63—132. 8^ Pisa, 1894. The Society, 

Rochester.— Bulletin of the Geological Society of America. Vol. IV, pp- 1—457. 8* 
Rochester, 1893. Thf Society. 

RoMB.«^Atti della Reale Accademia del Lincei. Rendiconti, S^rie V, Semestre I, Vol. 

III, fasc. 9—12, and Semestre II, Vol. Ill, fasc. 1—4. 8® Roma, 1894. 

The Academy. 

San Francisco,— Occasional papers of the California Academy of Sciences. Vol. 

IV. 8° San Francisco, 1893. The Acadpmy. 

„ Proceedings of the California Academy of Sciences Vol, III 8^^ 

San Francisco, 1893. The Academy. 

Springfield. — Bulletin of the Illinois State Museum of Natural History. No 3. 8" 
Springfield, 1893. . The Museum. 

Stockholm.— Forteckning 1 Kongl. Svenska Vetenskaps Akademiens. Af Ewald 
Ahrling. 8^ Stockholm, 1885. The Academy. 

„ Lefnadsteckningar of ver Kongl. Svenska Vetenskaps Akademiens. 

Band III, hafte i. 8*^ Stockholm, 1891. The Academy. 

„ Metcorologiska lakttagelser i Sverige. Sericn 2 A., Band XVII. 4® 
Stockholm, 1889. '1 he Academy. 

„ Ofversigt af Kongl. Vetenskaps Akademiens Forhandlingar. Vols. XL VI 
to L. 8* Stockholm, 1893. The Academy. 

Stuttgart.— Jahreshefte des Vereins fur Vatcriandische Naturkunde in Wurttemberg. 
Jahrg. L. 8^ Stuttgart, 1894. 

Sydney.— Journal and Proceedings of the Royal Society of New South Wales. Vol. 

XXVII, 8® Sydney, 1894. ThbSocibtt. 

„ Memoirs of the Geological Survey of New South Wales. Na 5. 4* 
Sydney, 1884. Th< Survey. 

„ Records of the Geological Survey of New South Wales. Vok IV, part 
1 } and Contents and Index to Vol. III. Sydney, 1894. ] 

The Survey. 
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titUt of Books. Donors, 

of Linnean Society of New South Wales, snd series, 
Vol. VIII, part 4. 8° Sydney, 1894, The Society* 

„ Report of the Trustees of the Australian Museum for 1893. 

Sydney, 1893. The Museum. 

ToEfO.— Mittheilungen der Deut<,chen Gesellschaft fur Natur und Volkcrkunde Osta- 
siens in Tokio. Band VI, Supplement heft 1 ; and heft 54. 4" Tokio, 
*894* The Society. 

TuRiw.—Alti della R. Accademia dclle Scienze di Torino. Vol. XXIX, disp. 5— g. 

8° Torino, 1893-1894. The Academy. 

^ Memorie della Rcale Accademia delle Scienze de Torino. 2nd series. Tome 
XLIlI. 4^ Torino, 1893. The Academy. 

,, Osservazioni Meleorologichc fatte nell’ anno 1893 all* Osservalono della R. 

Universita di Torino. 8'^ Torino, 1S94. 7 he Academy* 

Vienna.— Abh.andlungen dcr K. K. Gcologischcn Reichsanstall. Band XV, heft 4-5, 
and XVII, heft 3. 4^" VVier, 1893. The Institute. 

„ Jahrbuch der Kais. Konig, Geologischfn Rcichbanstalt. Jahrg. 1893, 
Band X Idll, heft 1-2. 8° Wien, 1893. The Institute. 

„ Vcrhandlun^en der K. K. Geologi schen Reichsanstalt, Nos. 5 — g. 8® 
Wien, 1894. The Institute. 

„ Dcnkschrilitn der Kaiserlichen Akadcmie der Wisscnschaften. Band LIX. 

4® Wien, 1892. The Academy. 

Register zu den B.inden o7 bis 100 der Sitznngsberichte der Mathematisch — 

Natiirwissenvi haftlichcn classe der Kaiscrlichen Akadcmie der Wis- 
sensLli.mcn. 8^ Wun, 1892. The Academy 

„ Sitzungsberichte dt r Kais. Akadcniic der Wissenschaften. 

Rand Cl I, Abth Ila, heft i — 7 
,» 1, >t lib, „ I 7 

„ „ Illb, „ 1—7. 8° Wien, 1893. The Academy. 

Washington.— Twelfth Annual Report of the United Stales Geologual Survev, 
1889-1890. Parts I and II. 8*" \\’ashington, i.- . The Survey. 

Bulletin of the United States National Museum No tv 8“ Wash- 
ington, 1894. The Museum. 

Report of the United States National Museum for the >car ending 30th 
June 1891. 8° Washingt.m, 1S92. The Museum. 

Memoirs of the National Aradcmy of Scitnee^i. Vol VI. 4® Wash- 
ington, 1S93. The Academy. 

„ Smithsoni.an Contributions to Knowledge. No S84. The Internal 

work of the wind by S. P. Langley. 4“ Washington, 1894. 

The Institute. 

Wbliinoton.— T ransactions and Proceedings of the New Zealand Institute. Vol. 

XXVI. 8' Wellington, i8(j4 '• he In.stitute. 

YoitOHAMA.-The Seismological Journal of Japan. Vol. 111 . 8° Yokohama. 1894. 

The Society. 

Transactions of the Asiatic Socict> of Japan. Vol. XII, part I. 8° Y oko- 
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bama, 1894. 


The Society. 
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TitUs of Books, Donors. 

Zi^RiCH. — NeujahrsblAtt herausgegeben von der Naturforschendon Gesellschaft. Jahrg. 

i8qo. No. 92. 8® Ztirich, 1890. Tna Society. 

„ Vierteljahrschnft der Naturforschenden Gesellschaft. Jahrg. XXXIV, heft 
3-4; XXXV. heft 1—4; XXXVI, heft 1-2 j and XXXIX, heft 2. 
8°. Zurich, 1894, The Society 


MAP. 

Berghaus, Dr. H eRmamn,— A tlas der Geologic Fisc Geotha, 1892. 
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